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PREFACE 


Philosophers who write about Science and scientists who 
wnte about Philosophy are too often preoccupied with the 
scientific theories and discoveries of the moment to the detn- 
ment of both their Science and their Philosophy No single 
mmd can contam the whole of the results of modern 
scientific investigation, so that any man’s opinion on most 
topics IS bound to be superficial and based on hearsay Out- 
side his special province the opmions of the specialist are no 
better than those of anybody else Therefore, let it not be 
thought that this essay attempts to survey the present state 
of scientific theories or to test their validity, or that it aims 
at provmg that some system of Philosophy is true because 
some theory of Physics or Biology is now fashionable Such 
attempts I gladly leave to others 
The task I have undertaken, though needmg no special 
technical qualifications, is really much more ambitious 
Namely, to state what kmd of reasons there can be for hold- 
ing any scientific theories whatever, whether they are those 
of Pythagoras, of Newton or of Emstein The attempt must 
fail, but the failure will be honourable, if it brings home to 
any reader the interest and importance of the problems con- 
sidered, and breeds m him a distrust of cheap and easy 
solutions 

I should hardly have been aware of the existence of the 
P’^oblems dealt with but for the work of four recent thmkers 
— Moore, Russell, Whitehead, Broad — ^whose influence is 
apparent on almost every page of this book If there are 
pages where the influence is not apparent, the judicious 
reader wiU skip them Besides these authors I must men- 
tion particularly Mr J M Keynes and Dr N R Campbell 
Chapter III represents what I had to say about Induction 
before reading Keynes’ Treatise on Prohabihly , Chapter 
IV 15 the result of readmg it It may be thought rash 
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to have dealt with Induction before the appearance of the 
final volumes of Mr W E Johnson’s Logic, but the risk 
had to be taken Such ideas as I have acquired on the 
subject of Measurement are the outcome of readmg Camp- 
bell’s Physics The Elements While everybody pays hp 
service to the vast importance of measurement m scientific 
mvestigation, Campbell alone seems to have thought 
seriously about the process I disagree with most of his 
views, but had I agreed more I might have thought less 
I must confess, however, that my treatment of measurement 
seems to me the weakest part of this book 
Perhaps it is necessary to defend m\' attitude m reframmg 
(as a rule) from destructive criticism of views I disagree with. 
Destructive criticism is an amusing and healthy exercise , it 
excites both hunter and hunted and hurts nobody , but it is 
somewhat futile, except as an iriitant and disturber of dog- 
matic slumbers Apart from this effect, a thinker’s most 
valuable critics are those who argree with him They at 
least have some chance of knowmg what he is talkmg about ; 
hostile critics have hardly any 
The quotation with which the last chapter fimshes is taken 
from a paper by Dean Inge {Proc Anst Soc , 1918-19, 
p 272) and IS out of the writmgs of Pennmgton The quota- 
tion on the title page is also tciken out of an article and I have 
failed to verify it from those works of Leonardo’s available to 
me But I have found many similar expressions m his 
Notebooks, though no smgle sentence that hits off the idea so 
well Leonardo da Vmci, were he consulted, might repudi- 
ate the actual words, but I am sure he would not repudiate 
the thought 

The present essay has its origin m a dissertation submitted 
foi the examination for Fellowships at Trinity College, 
Cambridge, in 1920 Since then the greater part has been 
rewritten 

A D RITCHIE 

Manchester, 

February 1923 
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CHAPTER II 


The External World 

§ 6. Our knowledge of the external world is derived 
ultimately from what is presented to us in experience ; 
but the processes by which the raw material of sense 
is converted into the manufactured products of scientific 
theory are complicated and difficult to follow out. 
Much that is originally given in experience must be 
left out, and much that is apparently not given must 
be put in ; in fact it is difficult to find any signs of the 
raw material when we examine the finished product. 
This difficulty is part at least of the cause for the 
Bifurcation of Nature against which Whitehead so very 
justly protests. There has for long been a tendency 
to relegate the immediate termini of sense awareness 
to one world and the entities of scientific theory to 
another, leaving us, not with the system of Nature which 
it should be the business of science to explore, but 
with a dream world of sense on the one hand and a 
fairyland of conjectural entities on the other and nothing 
apparently to bridge the gap. I have nothing to add 
to what Whitehead says in the first two chapters of the 
“Concept of Nature,” and shall endeavour to adopt 
the point of view advocated there. We must start then 
with a world of sense presented to our observation 
through our five senses. It is the business of science 
to explore this world as it appears and to point out what 
it is really like ; and it is not the business of physical 
science to discuss how we come to be acquainted with 
this world or what processes go on in our minds. 
Physical science is concerned with nature as appre- 
hended not with our apprehension of it. It is of course 

as 
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concerned with the processes by which our bodies are 
afifected by other’ bodies, because these are all parts 
of nature. 

If in the course of enquiry into the relations that 
hold in the world of sense experience, some of its native 
hues become “ sickbed o’er with the pale cast of thought ” 
that IS unfortunate perhaps, but, in so far as the relations 
are not obvious but concealed, the pale cast of thought 
is inevitable and is the price paid for knowledge. We 
may find that we have to invent more than is prima 
facie actually present in experience, but if our inventions 
give valid information then they are real inventions and 
take their own place as genuine ingredients of nature. 
There is I think no need to discuss the matter further at 
present. One question, however, must be discussed 
and that is why certain ingredients of sense experience 
come to be left out of account. Is this a matter of 
necessity or merely dictated by convenience, by the 
need to tackle easy problems first and hard ones later? 

There are many classes of events that lie wholly 
outside the scope of ordinary scientific investigation, 
such as dreams and illusions. Yet they are just as 
much a part of our experience as any of those parts that 
are studied. Not only are dreams left out of account 
but they tend to be relegated to an unexplored world 
of their own outside the limits of nature. When 
Heraclitus* said, “The waking have one world in 
common, but the sleeping turn aside each into a world 
of his own ”, he put his finger upon one of the awkward 
points about dreams. Scientific procedure can deal only 
with what is common to all men. Poincard® actually 
defines science as being what deals with the objective 
and explains that what he means by objective is having 
relations common to all men. 

Every experience is as such perfectly private to the 
percipient. No one can share his sensations with any- 

^ Fragment 95 Burnet, Early Crttk Philosophy, p 153 
La Valour de la Sitenee, Ft III, § 6 
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body else. Where then is the common or objective 
element? If it is some point or aspect of what is 
experienced that is common, why do we deny objec- 
tivity to some experiences and allow it to others ? It is 
no answer to say that the act of experiencing, the mental 
part, IS private and the object or thing common, because 
that does not solve the difficulty of delusions and 
dreams. Besides it amounts only to saying that objects 
are objective, a proposition that sounds like a tautology, 
but is not even true. 

When I look at a patch of grass, the actual quality 
of the greenness I see is perfectly private and particular 
and incommunicable, and so also is anything experi- 
enced through any of the other senses. Not only can 
I not communicate the actual unique quality of my 
experience to other men but I cannot transfer it in any 
way from one of my own experiences to another — not 
directly, that is, only indirectly through memory. It 
simply comes and goes and there is an end of it. But 
there are relations within the whole composing a single 
experience and holding between different experiences, 
and it is these that are common, communicable and 
public. Among the most elementary of these are order 
in time. It is a fact that we can talk intelligibly about 
our experience and understand one another. This 
does not imply that all relations are the same for all 
individuals. Temporal and spatial relations differ to 
some extent as between one observer and another from 
the very nature of the case. Nobody can see from quite 
the same point of view as another. Moreover individuals 
differ in their power of discrimination of objects. The 
first difficulty it is part of any rational theory of space 
and time to get over, but it is commonly got over for 
practical purposes owing to the fact that in a vast 
number of cases different observers can attain a point 
of view so nearly identical that the differences do not 
matter. The difficulties that occasionally arise are 
explained away with greater or less plausibility. For 
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instance if another person and myself look alternately 
through a pair of field glasses, differences in time and 
position do not prevent our being able to assume that we 
are looking at substantially the same things, although 
exact analysis of what happens will show that we are 
considering only similar things not identical things. 
When we see things that are obviously different we 
generally manage to agree that some change is taking 
place externally to ourselves about which we do not 
differ. If for instance my friend looks and sees a boat 
to the right of a certain buoy, and then I look and see it 
behind and he looks again and sees it to the left, we do 
not quarrel about this, we agree that the boat is moving. 

Differences in power of discrimination of qualities 
are rather harder to deal with. For instance if my 
friend looks through the glasses and says the buoy has 
got black and white vertical stripes and I can only make 
out a greyish object bobbing up and down against a 
background of sea, what happens then ? Of course we 
may just quarrel about it, he maintaining it is striped, 
I that it IS plain, but if we have any sense we shall try. 
and agree about it. We may be able to argue which it 
IS likely to be from our general knowledge of colours of 
buoys or our previous knowledge of the place, but even 
if any such external source of information is lacking the 
point IS still capable of settlement. We shall almost 
certainly agree that the one who detects differences is 
right and the one who perceives only similarity mistaken. 
If my companion can discriminate differences in the 
field of vision that I cannot, the differences are there 
and he has better sight than I have. The matter can of 
course be decided finally by altering the conditions so 
that the differences become discernible by both observers. 
In the example j'ust taken we can go nearer the buoy 
and then we shall both see the stripes. Anybody who 
has talked about colours to a colour blind person will 
have found that there is no difficulty in coming to real 
agreement (apart perhaps from a little confusion over 



THE EXTERNAL WOIH.D 27 

names) provided both are aware that there is a difference 
in the power of discrimination of the colour blind and 
the normal person. Disputes can only arise if it is 
assumed that the power of discriminating is the same. 
There must of course be some common ground of agree- 
ment to begin with, but fortunately that is usually quite 
easy to find. 

If somebody says he can detect differences we are 
prepared to believe him. If he says there is no difference 
where we can perceive it, we distrust him at once. In 
faq^that is a crucial test of any theory. A theory which 
says that tl)ings that appear to be different are the same 
is false, but one which says that things which appear to 
be the same are different may very well be true. Diver- 
sity is directly expeiienced and is indubitable ; identity 
is not perceived directly but only vague similarity from 
which identity may be inferred. The great and almost 
instinctive confidence placed in microscopes and tele- 
scopes and any instruments that increase our power of 
discrimination is probably due to that cause. 

A fraudulent observer who maintained he could 
perceive differences in objects not perceptible to others 
could never be detected as long as he confined himself 
to this assertion and drew no inferences from his alleged 
experiences to what was admittedly capable of dis- 
cernment by ordinary men. But then his apparent 
superiority would not make any difference. If he did 
make inferences as to things discernible by others, as 
he almost certainly would, it would be possible to test 
the validity of his claims by experiment. For instance 
if a man claimed to have a sixth sense he would only 
be sure of escaping detection if his sixth sense obj’ects 
possessed no other properties discernible by the ordinary 
senses. If he said they had it would be easy to set traps 
for him. 

There does not seem to be any a prion reason why 
difference in the power of perceptual disci imination 
should always be capable of settlement ; but it certainly 
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appears that as a matter of fact they are. A point of 
practical importance in this connection is the difference 
between a trained observer and an untrained one. The 
expert is nearly always able to discriminate better than 
the neophyte, because he knows what to expect. Of 
course, sometimes he may expect too much. It is a 
commonplace that even the expert, if he suffers from 
an overdose of theory, may see things that are not 
there. Nevertheless it is generally accepted that the 
expert observer is more likely to be right than the 
neophyte. 

When we say that there are relations among observed 
things which are common to all men and about which 
agreement is obtained we must make one reservation. 
We must say that the common or objective relations are 
those perceptible by all observers who are properly 
situated. We say that the white corpuscles of the 
blood are objective, but we do not mean that anybody 
can see them just by looking at some blood. What we 
mean is that anybody who looks at the right sort of 
blood preparation through the right sort of lenses in 
the right way will see them. Actually things that are 
objective in Poincare’s sense may be extremely hard to 
observe and have only been observed once or twice. 
The planet Neptune is objective but very few have ever 
seen it. The cry of the Dodo is objective but nobody can 
hear it now however much they would like to ; because 
they cannot attain the proper situation. 

There are many diflSculties introduced by the notion 
of the proper situation of observers. Supposing a 
dipsomaniac says he sees pink rats, we have to admit 
that he has some sort of experience but we usually 
consider that the rats are not objective — that there are 
no rats in fact. We also say that where he is wrong is 
in the inferences he draws from his experience whatever 
it may be When a sober man sees rats we find that 
his inferences about them are (more or less) correct while 
the inferences made about the pink kind by those who 
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see them are usually wrong. But the dipsomaniac 
might argue in this way: “You say my rats are not 
objective and that I make false inferences from what I 
observe, but that is not the real reason why you don’t 
believe in their reality, because you often make mistakes 
about what you call real rats. Where you and I really 
differ is not in the matter of inferences but in the matter 
of situation. I can see pink rats because I have drunk 
the necessary quantity of whiskey. You have not drunk 
enough and so can’t see them. It is just the same as 
with the things you see through microscopes. You 
can’t see a white blood corpuscle without looking 
through a microscope, and you can’t see a pink rat 
without drinking whiskey. What is more it is no use 
your pretending that you believe what you see through 
a microscope is real because of the optical theory of 
lenses, because it is ten to one you know nothing about 
the lenses or the theory ”. 

This argument is not easy to refute, in fact I think 
the reasoning is perfectly sound. In the majority of 
cases our test of the reality of things is the sense of 
touch, but in the case of microscopic objects and the 
heavenly bodies touch fails us. They are purely sight 
objects, like the pink rats. If we can get the dipso- 
maniac to agree that he knows nothing at all about his 
pink rats except that they are pink and that he sees them 
moving about, and that any further inferenee he makes 
about them is probably false, then I think we can admit 
his argument. The pink rats, like the objects we perceive 
in dreams, will be constituents of the external world, but 
they will differ from the commonly accepted constituents in 
that we know practically nothing about them. Common 
and general relations do very likely exist but they are 
few and very difficult to find, and in fact have hardly 
been found at all. The only law we know of in con- 
nection with pink rats is that mentioned, that a large 
amount of drink must be taken in order to see them. 
In the same way we know of no laws about dream 
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objects. They do not obey the laws of physics, probably 
not even the laws expounded by F reud and his followers. 
But that does not mean there are no laws and that they 
have no relations common to all observers, merely that 
these laws and relations are extremely hard to find. 

Anything that can by any possibility be an object of 
experience I would admit as part of the external world. 
But it IS perfectly obvious that for the purpose of 
acquiring knowledge of that external world we are right 
to neglect those ingredients whose common relations 
are very hard to discover for those whose relations are 
easy to discover and are many and important. This is 
j’ust what has happened. Certain parts of experience 
that obviously lend themselves to the purposes of know- 
ledge because of their comparatively numerous and 
simple relations are examined in preference to others. 
It is only common-sense to tackle the easy problems first, 
but It IS stupid to say the difficult ones do not exist 
simply because they have been left on one side. 

Men of science are so preoccupied with the study of 
those parts of the external world which they actually do 
study that they are inclined to say there are no others. 
It is a fact that there are others, though the study of 
them has been left mostly to charlatans and fanatics. 
The delusions that these people have introduced make 
a rational study even more difficult than it should be 
and less inviting The purpose of this discussion is 
merely to point out that such extra-scientific parts of 
experience do exist and might be of interest. Until 
they have been properly investigated there can be no 
scientific grounds for having any theories about them, 
but still less IS there any scientific ground for saying 
they do not exist. 

§ 7. The first task for the investigator of nature is to 
make some sort of a classification of what exists. It is 
most unfortunate that practically all the original work 
on this subject was carried out by our remote and 
simtan ancestors, possibly by even more distant 
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philosophers who first left their homes in the Mesozooic 
Seas to walk on dry land and breathe the air. None of 
these thinkers have left any record of their investiga- 
tions. Each one of us in early youth has gone through 
an abbreviated course of instruction on the same topics ; 
but we were not of an age to reflect intelligently on the 
process or to make any record of what was happening. 
It is therefore extremely difficult to find out anything 
about the first foundations of scientific knowledge or to 
make any statement about them that would be likely to 
carry conviction. Psychologists and philosophers have 
raised much learned dust in controversy on the subject, 
but have not got very far. However, a certain amount 
may be said with a fair degree of probability. The 
primitive and only half-conscious concepts that science 
takes over from common-sense are gradually, as know- 
ledge increases, submitted to a process of enlargement 
and refinement. At first they will be exceedingly vague 
and of very limited application, gradually they will be 
used for new purposes and become modified and 
enriched and also more definite in the process. Con- 
sider for instance the concepts of Space and Time. 
These to the mind of a modern physicist would seem to 
be utterly different from what, corresponding to these 
names, is before the mind of a savage. But it is justifi- 
able to give the same names to the ideas because we 
believe the physicist’s idea to be the natural outgrowth 
of the savage’s. It has grown in two ways, it has 
become both richer in content and more definite and 
more general in form. The physicist not only means 
more by Space and Time than the savage, but he comes 
nearer to knowing precisely what he means. The fact 
that the savage would not recognize and would repudiate 
the physicist’s views is not to the point, because he 
has not hid the training necessary to know what the 
physicist IS talking about. What is of importance is 
that the physicist himself only uses his most refined 
and developed notions when the nature of the problem 
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in hand requires it. If he is making a simple physical 
measurement he does not utilize what he knows about 
“Geodesics” and “Point-Events”, but is content with 
crude Newtonian ideas. If he is eating his dinner he is 
content with still cruder Pre-Newtonian ideas which 
are much the same as those of the simple savage. 
There is no contradiction involved ; it is merely a 
question of saving of mental labour by using whatever 
notion is adequate to the matter in hand. 

The proposition “ Dinner is ready” is one involving 
certain spatial and temporal relations. But the notions 
of Space and Time possessed by a child of three are 
just as good for the purpose of enabling him to go and 
eat his dinner as are those possessed by the physicist. 
If the child says to the physicist “ It is dinner time and 
dinner is on the table ”, we can say that both are aware 
of the meaning of what is said and it has the same 
meaning for both, for they act in the same way. On 
the other hand if the physicist tried to tell the child 
what was meant by the acceleration of a particle the 
child would not understand, because his ideas of space 
and time are not sufficiently developed, that is to say 
that degree of precision of analysis has not yet been 
reached by him and he would very likely think (in 
secret) that the physicist was talking nonsense. It is 
difficult at first for the individual who has thought and 
acted at the poorer and vaguer level of analysis to grasp 
what IS required to reach the more precise and higher 
level, and he is apt to think it is really something 
different that is meant. But having reached the level 
of greater precision he then sees that everything that 
was meant before is meant still and more too, though 
possibly a few modifications are required in certain 
directions. But it must be clearly understood that the 
vagueness or precision is purely relative to the problem 
being investigated. Ideas that at the present day seem 
to be the very summit of exactness will be found to be 
relatively vague and indefinite and inadequate and even 
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erroneous when further problems have to be dealt with. 
The fact that we do not know clearly what we are talking 
about does not prevent our talking sense, or knowledge 
would be impossible, but it is likely to lead us into 
error some time or other, and then a certain clarification 
of ideas is required in order to get over the difficulty. 
It is absurd to despise our predecessors because their 
notions were crude If they came to correct conclusions 
as the result of them it does not matter how crude they 
were. 

It may be concluded that a detailed analysis of 
primitive ideas about the external world is really entirely 
unnecessary either to understand the most developed 
ideas or to ascertain their validity and adequacy. As 
long as a notion leads to satisfactory results it may be 
as vague as you like, it is only when errors arise that 
It must be expressed more precisely or else dropped 
altogether, to be replaced by some other. An analysis 
of primitive ideas in terms of modern scientific language 
would be quite impossible, simply because they are 
perfectly vague. The attempt to define them would 
simply consist in stating some modification of the 
present accepted definition of the scientific idea that was 
thought most closely to resemble the primitive one. 
Therefore no attempt need be made to show what is 
the primitive classification of the external world ; it is 
sufficient to describe what must be the method of attack- 
ing the problem, for that will be the same at any stage. 
For instance, I am not concerned in the least to try and 
expound how men have come to have notions of space 
and time, that is a matter for the psychologist. Nor 
am I concerned to expound what is really meant by 
space and time in modern physics. This is a question 
for the physicist and the philosophical aspect has been 
admirably dealt with by Whitehead (Principles of 
Natural Knowledge). 

The first point to be noticed is that there is no 
essential difference between what we call a general 
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concept and a law of nature, between say the notion 
of Time and the Law of Gravitation.^ When a law of 
nature becomes very completely embedded in the body 
of scientific thought a single word is used to cover it. 
At the present day the word “ weight ” might be said 
to stand by itself for the Law of Gravitation. Of course 
it IS not quite correct and logical simply to say that a 
general conception or an idea is the same as a law of 
nature, because a law of nature is properly asserted as 
a proposition and when we speak of a concept or idea 
it implies that we do not trouble to assert any proposi- 
tion. Without attempting a full discussion of a very 
difficult subject, I would put forward the following 
scheme. We have on the one hand certain “facts” 
which we may conveniently, though not quite accurately, 
treat as being simply given in sense experience. On 
the other hand there are certain beliefs “ about ” classes 
of facts which are right or wrong according as they do 
or do not “correspond” to the facts. Now the full 
expression of a belief is provided in an asserted pro- 
position, the proposition itself is of course neither a 
belief nor a fact, or if it is a fact it is one of a very 
different kind to the facts of “ nature ” we are con- 
sidering. It IS, however, only in certain cases and for 
certain purposes that we take the trouble to assert a 
proposition expressing our belief. It is usually a sign 
that we are in doubt. Thus it comes about that prob- 
ably no proposition ever has been asserted to express 
some of our beliefs, among them our most general and 
deep-seated beliefs. And it is in many cases extremely 
difficult to find a proposition which will express the 
belief at all adequately. It is much easier simply to 
let a name standing for the conception or idea we have 
in our minds take the place of the proposition. For 

* This was I think first clearly stated by Whewell m his History of the 
Inductive Sciences and further developed in his Novum Organum Renovatum 
But the point is rathe! obscured by Mill, and as regards Space and Time at 
least, completely obscured by the Krypto-KanUan view put forward by Karl 
Pearson in the Grammar of Science 
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the most part no difficulty or confusion results as long 
as It IS realised that the name of the concept is merely 
a symbol, symbolizing a proposition which remains 
implicit. We may say in a vague sort of way that 
everything in the physical world is in space and time 
or that all objects of perception have spatial and 
temporal relations, and it is assumed that everybody 
has an idea of space and time in virtue of which they 
can understand what is said. But to state a proposition 
which will really express what it is we believe, in virtue 
of which we apply our idea of space and time to every- 
thing in the world, is a very difficult matter. However, 
it will probably be admitted as correct, that the pro- 
position would be of the form “that there are things of 
a certain kind and that all of these have relations of a 
certain kind”, which is exactly the form of any state- 
ment of a law of nature. The same could be said about 
the primitive ideas about “ bodies ” and “substances ” 
and so on. In all that follows, therefore, I shall treat 
general concepts or ideas “about” the external world 
as identical for all ordinary purposes with what we 
mean by a law of nature. A law of nature, I take it, is 
a general proposition which asserts (more or less ade- 
quately) that certain relations always hold in certain 
cases. And this proposition is believed to correspond 
more or less to actual fact, and it is in virtue of its 
correspondence that it is said to be true and a law of 
nature. 

The laws of nature, since they are assertions of 
general relations among “kinds”, depend upon the 
classification of the objects of the external world. The 
process of classification must be considered as preceding 
the process of formulating natural laws, though histori- 
cally the two processes develop together, and logically 
they are intimately connected. Any event in the 
external world as it appears to any observer has two 
aspects or parts, one private and unique, the other 
common and general. However important the unique 
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and private aspect may be for other purposes it is 
of no use for knowledge which shall be general and 
communicable, as is scientific knowledge. It is 
therefore necessary by analysis to extract the common 
and general aspect and consider it in isolation. Now 
the common aspect as we have seen is given by 
certain of the relations which are common to all 
observers or in which a common element can be' found. 
These relations constitute the general character of an 
event. 

In considering the general character to the exclusion 
of the unique, we do not necessarily neglect the particular 
character of an event. By the particular character I 
mean its position in space and time, its place and date. 
These are unique only in a very special and restricted 
sense, in that the whole of space-time is a complex of 
events such that no two parts are exactly alike and each 
event can be identified by means of its place and date 
relative to others. Given a starting point we can describe 
any event without ambiguity by its position So far 
place and date are unique, but it is a purely external 
uniqueness of relations that serves for identification. 
The spatio-temporal relations of particulars are them- 
selves general. If A is to the left of B and B to 
the left of C, the relation “to the left of” is general 
and is identical in both cases. Therefore, though 
all events are particular in that they occur at one 
special time and place, all their spatio-temporal rela- 
tions are general and are such as form proper objects 
of scientific study. 

Not only can we ask the questions “where?” and 
“ when ? ” about events but we can ask “ of what sort? ” 
Events not only have a place and date they have also a 
quality. The individual quality of an event is certainly 
private to the observer. But events are grouped in 
classes according to their qualities and some of these 
classes are common to all observers and are general. 
No two people may have exactly the same quality of 
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experience when they see something green, but they 
will agree perfectly as to what things are green and 
what are blue. The common and general aspect of the 
quality of events is their mutual relations of similarity 
and dissimilarity which make them members of classes 
or aggregates. 

The qualitative character of events stands on a 
different footing to the spatio-temporal character and 
is not a part of space and time. But that is no reason 
for dismissing this aspect of things' from the external 
world and attributing the qualities of things to the mind 
of the percipient. It is true that the progress of science 
tends to give greater and greater emphasis to the spatio- 
temporal aspect of things and less to the qualitative and 
even to reduce the qualities of events to spatio-temporal 
relations ; but that does not imply that the qualities are 
no part of the external world, it merely implies that they 
are less tractable parts than the others. We start off by 
perceiving things as coloured and hot and hard, and 
then for scientific purposes drop the consideration of 
these characters for related properties of molecules and 
electrons which shall be as far as we can make them 
purely geometrical. That does not mean that the things 
are not really coloured and so on, but only that for 
purposes of knowledge these are not themselves very 
useful characters. 

Supposing we could consider the world of immediate 
experience just as it appears to our five senses and 
answer the questions When? Where ^ and What 
sort? about everything in it, then knowledge would be 
complete without the need of any theoretical construc- 
tions. But obviously this course is not possible. All 
the human beings that are or have been or ever will be 
only experience an infinitesimal fraction of what there 
is to experience, and the small portion they do experience 
is confused and varied beyond all description. Theie- 
fore we must have recourse to theory to shorten the task 
and make it possible. The first bit of theory is the 
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invention of what Whitehead calls perceptual objects — 
a theory we must examine. 

First of all there is a possible objection to be dealt 
with. If anything that any percipient cap possibly be 
aware of is a real ingredient of the world then either 
what is experienced must be created by being experi- 
enced, which seems a hard doctrine, or it may be 
objected the universe would be uncomfortably crowded 
with actual and possible data of sense. Philosophers 
have certainly had a mania for emptying the Universe. 
They have always wanted to show that this, that and 
the other do not really exist, but only certain pet 
entities of their own. Without putting it forward as 
more than a personal prejudice, I should say that one 
of the few really delightful things about the world is 
that it contains so much. 

“ The world is so full of a number of things 
I’m sure we should all be as happy as kings ” 

Even if we have to find room, not only for all that our 
senses may perceive, but also for all the theoretical con- 
structions of science, that need cause no alarm. Provided 
scientific theory is right then the molecules and electrons 
must also be genuine ingredients of the world although 
they belong to a different logical type. It is no explana- 
tion of their status to say they are logical fictions. A 
fiction is something false and cannot be logical. If they 
are really logical they are not fictions. They cannot 
even be convenient fictions, because fictions are never 
convenient in the long run. Even in science honesty 
is the best policy. The belief that scientific entities do 
not exist is partly due to not realizing that the entities 
of common sense such as tables and chairs are theoretical 
constructions themselves and not immediate data of 
sense. If they were primitive entities then perhaps 
there would be no room for the scientific constructions. 
But for the two sorts of theoretical constructions from 
events there is plenty of room. 

§ 8. Probably the most elementary distinction we 
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can introduce into the external world, which is prior 
even to our doctrines of time and space, and is the basis 
of all subsequent classification, is the distinction between 
Universals and Particulars; a distinction that can be 
utilized without pronouncing judgment for or against 
any of the rival theories of Nominalism, Conceptualism 
and Realism. It is remarkable that for most men of a 
speculative turn of mind the particulars seem worthless 
compared to the universals. The particularity of the 
particulars is their bondage to space and time ; they are 
at one particular place and time and no other. The 
universality of universals is their freedom from space 
and time, and it is this that constitutes their charm and 
their weakness. Their charm, in that knowledge of 
universals enables us to make statements about all or 
any of a kind : their weakness, in that we never come 
across a kind but only particular instances of kinds. 
Now It will not be disputed, I think, that any method 
of analysing the whole of what we experience is legitimate 
and gives us valid knowledge. We cannot falsify except 
by asserting that things are not experienced, which are, 
or that things are experienced which are not. As long 
as we do stick to experience we are bound to be all right. 
It will also be admitted that as experience is infinitely 
varied there are an infinite number of ways in which it 
can be analysed It is therefore remarkable how little 
variation there is in the way mankind make their 
analysis. It may be all a wicked conspiracy to deceive 
the philosopher, but it is more likely that the way people 
as a matter of fact treat nature is the easiest way and 
the most successful yet discovered. 

The presented whole of experience can be dis- 
criminated in a number of different ways, giving rise, 
according to the method used, to different types of 
entities. The main types of entity are Events on the 
one hand and various types of Objects on the other. 
Events in Whitehead’s sense are practically what are 
normally called particular facts, but there is some con- 
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fusion in the ordinary uses of the word fact. Events 
have the property of extension and they also pass con- 
tinuously into one another. This passage or flux of 
events is the most striking point about them. There 
is no element of possibility or supposition about an 
event, it just is and no more. Events are not usually 
named except in virtue of their relations to certain 
objects, and no attention is paid to them as such but 
only to them in so far as they are taken as constituting 
the relations of objects. Space and time are the only 
developments of events by themselves and their relations 
that men have thought it worth while to trouble about. 
The reason for this comparative neglect is obvious, 
events are transitory, the past is irrevocable (as White- 
head says, an event is what it is, when it is and where 
It is), and more important still the relations of events 
are complex and particular. Space and Time excepted. 
Attention is therefore turned to objects, but as Whitehead 
points out, in ordinary and even “scientific” use no 
clear distinction is ever made between events and 
objects and hence the common fallacy, among others, 
that objects are “ in ” space and time, whereas objects 
are really only related indirectly to space and time in 
virtue of their relations to certain events. An object 
is strictly permanent. What is called the change of an 
object IS the variety of its relations to the events passing 
in space and time. A moment’s reflection will show 
that it is only because an object is permanent that we 
can observe change in its relations, and because an 
event is not permanent but passing and its relations 
fixed, that it does not change. When we say that an 
object IS permanent we do not mean that it lasts a very 
long time or even infinite time, but that it does not 
“occupy” time at all. And it does not of course 
“occupy” space either; only events “occupy” space 
and time. 

Whitehead enumerates four main types of object (i) 
sense objects (2) perceptual objects (3) scientific objects 
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(4) percipient objects.^ The last class corresponds to 
the “observer” familiar in discussions of Relativity 
and does not concern us at the moment. The first 
class are the simplest and most primitive objects one can 
have. They are ‘ ‘ what ” is directly perceived and are 
given names such as “ red ”, “ green ”, “ hard ”, “ soft ”, 
(I know these are adjectives, but they are names none 
the less). They have the character of permanence 
which the events did not have. That is to say we can 
recognise a red thing or a soft thing. Recognition in 
so far as it means recognition within the specious present — 
the perceived present that is, not the theoretical in- 
stantaneous present — may be treated as primitive, 
though when it involves an act of memory it is pre- 
sumably derived and complex. Still we have in all 
recognition, however elaborated, a primitive element, 
the recognition of what in any present is not involved 
in the flux of events. That is not to say that the object 
does not change, i e that its relations are constant, but 
that “it” is permanent The defect of simple sense- 
obj’ects from the point of view of their utility for 
acquiring knowledge is that their relations are complex 
and particular, whereas simple and general relations 
are required. Consequently at some prehistoric epoch 
the greatest of all scientific discoveries was made, the 
discovery of perceptual objects, as Whitehead not very 
felicitously calls them. These are the “things” of 
daily life — houses and chairs and trees and animals 
and so on. These are recognized by means of certain 
specific sense-objects or relations of sense-obj'ects, and 
they are soon discovered to have certain fairly simple 
and general relations among each other, the relations 
themselves being events or relations of events. But 

* An object m the sense used by Whitehead is a universal, whereas the 
common use of the word does not distinguish clearly between the universal 
(the class of events or objects) and certain related particulars (complexes) 
A complex is an aggregate of “things” which have certain spalio temporal 
relations and is itself a "thing” and has its spatio-temporal relations A 
class on the other hand has no spatio-temporal relations 



42 


SCIENTIFIC METHOD 


more extended and refined investigation shows an 
incurable confusion and vagueness in objects of this 
sort. The relations between them and sensory obj'ects 
are confused and difficult to elucidate, hence the long- 
standing controversies about primary and secondary 
qualities, naive realism and so on : The relations between 
the perceptual objects themselves — causal relations — 
seem to elude exact analysis. There is the further 
difficulty, a very obvious one but possibly not really 
serious, of the temporal limitations and change of 
perceptual objects. Take Whitehead’s example of a 
sock. At some period of time we have only what we 
describe as a quantity of wool. By the process of 
knitting the wool becomes a sock, but no very definite 
transition point can be assigned when the wool ceases 
to be merely wool and becomes a sock. The completed 
sock by process of wear loses much of its wool and has 
to be darned. But even after much darning, when very 
little of the original material of the sock remains, it is 
still called the same sock. But finally a time comes 
when the name can no longer be applied. The whole 
process of transition is however quite indefinite. To 
this particular defect of perceptual objects much 
thought has been devoted by philosophers. 

The legitimate objection to the changeableness of 
objects IS that it introduces into the relations of things 
considerable complications which it is desirable to 
eliminate. For the purpose of acquiring knowledge 
It IS always necessary to find simple and general 
relations and to select such objects as display relations 
of this sort. Consequently it has been found necessary 
for many scientific purposes to replace the perceptual 
objects of common sense by scientific objects which are 
conceived as composing the perceptual objects. These 
scientific objects are Particles, Molecules, Atoms, 
Electrons, and what not. It is not a matter of great 
importance which is the most fashionable kind of object 
at the moment, all have their uses for the solutions of 
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certain problems, and all probably have th^r defects 
when it comes ,to the consideration of other ^ipblems. 
The great advantage that is gained by the "ulS^'br 
scientific objects is that their relations to one another 
and to events are simple and general. The fact that 
the relations to sense objects are remote and not very 
simple is not of great importance. 

Let us consider for a moment the world of scientific 
objects and events. The events provide the aspect of 
continuity ; they form a continuum out of which the 
ideas of space and time may be derived by perfectly 
legitimate reasoning, as Whitehead shows. The 
obj’ects on the other hand provide the element of 
atomicity and of permanence. Together the two sorts 
of things supply those simple and general relations 
called Laws of Nature. Theoretically, if science were 
sufficiently developed it would never be necessary to 
appeal to perceptual objects. It should be sufficient 
to state the laws in terms of scientific objects and events 
and deduce particular relations of sense objects and 
events, i.e. particular spatial and temporal relations of 
sense objects, which are amenable to direct observation. 
It must be remembered, however, that laws of nature 
can be and often are stated in terms of perceptual 
obj'ects and events, and the only objection to thus stating 
them IS that they are not so definite or general. But 
up to the present a very large proportion of the scientific 
knowledge available is stated in such terms and is 
adequate for the solution of those special problems it 
is designed to solve, within certain limits of accuracy. 

§ 9. It will be readily admitted as characteristic of 
scientific procedure that the problems investigated are 
always defined and limited in scope. Nobody tries 
seriously to find one solution of all possible problems 
but only to find special solutions of special problems. 
The first question to be dealt with is how it is possible 
to assume that this sub-division of nature for purposes 
of investigation is legitimate. Why, for instance, does 
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an investigator who is studying the properties of chlorine 
pay no attention to the phases of the moon or the 
flooding of the Nile^ There are several possible 
answers to this question. We may say (i) that we 
have some a prion knowledge or intuition which enables 
us to make the subdivision ; (2) that we make sub- 
divisions at random and then find empirically that one 
or other of the ones tried is correct ; (3) that we can 
apply some methodological rule to the process, and by 
methodological rule is meant a rule that is neither 
empirical nor of the character of a priori knowledge 
about things, but has merely subjective value as a guide 
to enquiry. There are fairly strong arguments both 
for and against all three of these answers. One might 
be tempted to answer cursorily that as human beings 
are only capable of attending to quite a few things at 
any one time, problems must be tackled piecemeal 
whether there is any justification in reality or not ; and 
this would be tantamount to a j’ustification on methodo- 
logical grounds. 

Perceptual reality as a whole is too vague and fluid, 
too various and rich to satisfy our needs at once. Our 
needs, that is to say our aims when we are seeking 
knowledge whether for practical purposes or for its own 
sake, are fairly definite. I have said already that we 
look for simple and general relations, but the matter 
can be expressed more concretely than this. We are 
not content just to sit and experience whatever comes 
to us. We want our experience at any time to signify 
for us things not experienced, because spatially or 
temporally remote, but intrinsically capable of being 
experienced. We want to know of those relations, if 
any, which enable us to anticipate and successfully 
interfere in the flux of experience and that is what a 
knowledge of simple and general relations enables us 
to do. It IS not enough to know that this particular 
element of experience is related in some way to that 
particular element, because we shall never meet with 



THE EXTERNAL WORLD 45 

these particulars as such again, we must know that this 
sort of particular is related to that sort. We must be 
able to analyse and classify and define so as to obtain 
general knowledge. The reason for desiring simplicity 
IS obvious. 

The vague perception with which we start is not 
properly speaking either particular or general ; it is 
only by analysis and abstraction that particularity or 
generality can be found. The sense-objects of White- 
head are general, that is to say an object is a class of 
experiences. The particularity is provided by the events 
which are the situation of the object and are what clothe 
the object with flesh and blood. Without its lelated 
events an object is a mere name. The very first result of 
analysis is to separate the general from the particular 
and is in itself the beginning of a classification. For 
sense objects are found to be related to one another, and 
these relations by analysis and abstraction can be further 
generalized into a perpetual object ; and so on. Once 
we have obtained universals by abstraction further 
consideration and abstraction will give us universals of 
a higher type, classes of clsisses for instance. From the 
classes red and green and blue we can attain the class 
of colours. Processes of this kind are purely analytic 
and are what are usually called classification. But it is 
also possible to proceed synthetically by means of 
external relations of objects to constant fresh types of 
universals. The step is made in this case by means of 
laws. We find as a matter of experience that certain 
colours and certain shapes are associated and hence 
construct a class of things whose characteristic it is to 
show this relation of shapes and colours. This is also 
a form of classification but it differs from the first 
example in that it assumes the existence of laws, ?.c., 
of general external relations among classes. In actual 
practice it is not always easy to disentangle the part 
played by assumed laws and that played by analysis 
pure and simple, though it is important to do so because 
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the laws are always fallible while the analytic procedure 
IS not fallible as such. But the way that analysis is 
made depends upon what laws we expect to find or 
think we have found. That system of classification is 
chosen which will lead to successful inductions and 
any others will be rejected. 

In the biological sciences the criterion of the natural- 
ness or otherwise of a system of classification is simply 
the number of true general propositions of an inductive 
type that it enables u§ to assert. For instance if animals 
were classified simply according to the number of legs 
they had, that is as legless, two-legged, four-legged, 
six-legged, eight-legged and so on, although some 
general propositions about the properties of all legless 
animals and all two-legged animals would be found to 
be true, they would be practically only such as could 
be deduced from the terms of definition of the class, 
and few, if any, real inductions would be possible. But 
with a natural system the number possible is very large 
if not infinite. About the class Birds an infinitejiumber 
of inductive generalizations are possible. But if we 
include men along with birds in the artificial class 
Bipeds hardly any can be made. We can say “ All 
bipeds are warm blooded,” but we find that that is 
possible simply because they all happen to be included 
in a larger natural class of warm blooded animals. A 
class that is not natural will do just what it was designed 
to do and nothing more. 

It is not possible, I think, to say definitely how or 
why we can be justified in making an analysis and a 
classification of the real and of expecting genuine 
knowledge by this process. It must be accepted as a 
fortunate fact that the process does work somehow or 
other, and it is simply a problem of finding by trial and 
error what is the method that gives the best results. 

If we are permitted to assume that there are per- 
ceptual objects which are natural kinds and general 
relations among them which we call natural laws, it is 
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fairly easy to see how we can proceed to subdivide the 
external world into special and finite problems for 
purposes of study. First of all we neglect anything 
that does not ostensibly constitute a natural kind and 
confine our attention to some' particular kinds and study 
them and their relations. We study them first in order 
to classify them as requisite and then in order to find 
what natural laws, if any, there are uniting them. If 
our investigation shows what we thought were natural 
kinds are not, no irretrievable disaster occurs, we merely 
have to reconsider the primary classification we started 
with. If no natural laws are apparent within the 
particular region selected, again no disaster occurs, all 
that IS required is to widen or alter the confines of the 
region until such laws become apparent. When the 
ancient men of science finst came across the phenomena 
of the tides they were not able to find any natural law 
governing them until they included the movements of 
the moon into their consideration of the problem. 
Having done so they would find an approximate 
correlation between the times of ebb and flood and the 
position of the moon in the heavens and also a correlation 
between the extent of the rise and fall and the moon’s 
phase. As long as they neglected to consider the moon 
the whole process would appear chaotic ; probably it 
would not occur to them to take account of the moon 
for some little time as its connection with the tides is 
not obvious. 

In the biological sciences the expressed aim in 
classification is to display actual blood relationship 
between animals and plants and not merely to catalogue 
them in a convenient way. Thus if the classification is 
correctly done it will display the laws of heredity and 
development when these come to be discovered. But 
when a new species of animal is discovered considerable 
experience and skill is usually needed to assign to it its 
appropriate position among known forms, so that con- 
venience is to a great extent sacrificed to the desire to 
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make the classification a basis of laws. If we consider 
an artificial scheme of classification like that of Linnaeus 
we can see the difference. Using this system anybody 
without any previous training can, by simply counting 
the sexual elements of a flower, name it and place it in 
his scheme. But once that is done absolutely nothing 
more follows. The plant is merely catalogued for 
reference. It is only because the Linnaean classification 
can be made to serve as an index to a natural scheme 
that it is useful. 

Compared with classification in biology the classi- 
fication required in a science such as chemistry is 
extremely simple, but there are several interesting points 
about it.‘ The properties of any “body”, that is to 
say the system of events, sense-objects and their relations 
which “make up” the perceptual object, are of two 
kinds, those we can change arbitrarily one by one, such 
as temperature, shape or motion, and those we cannot 
change without changing others as well. The former 
are called accidental properties, the latter specific 
properties. Chemistry is essentially a study of the 
specific properties of bodies, physics of the accidental 
properties. The basis of a chemical classification 
depends therefore on discovering what properties are 
specific and examining them. All bodies having the 
same specific properties will be of the same kind, in 
this way we arrive at the conception of different “sub- 
stances.” A further distinction is necessary. A body 
to be a substance must be homogeneous, all of one 
kind, that is to say, however it is subdivided (only gross 
mechanical subdivision is intended) the parts must have 
the same specific properties as each other and the 
original body. The number of different kinds of 
properties possessed by substances is limited and 
generally they all possess some kinds in common, the 
differences are therefore quantitative. The process of 
classification depends therefore upon making measure- 

' Cp Ostwald, Fundamenlal Punttplts qf Chemtsiry, c\\a.Tp I 
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ments of the specific properties of all bodies. It so 
happens that given certaih assumptions as to the dis- 
tinction between elements and compounds and solutions, 
all substances fall fairly easily into a simple system of 
classification and except in a few cases each kind is very 
clearly marked off from all others, and the constancy of 
the properties is such that any variations are so small 
as to escape measurement, t.e., the specific properties 
are really constant within the limits of experimental 
error. This fortunate state of affairs is only true as a 
matter of fact and in most cases. There are bodies to 
which it is very difficult, if not impossible, to assign 
constants, for instance the complex organic colloids. 
But these exceptions do not affect the validity of the 
general system of classification. The important point 
to notice is that the aim of the classification is as before 
to find natural kinds. The naturalness of the kind is 
determined by the constancy of the specific properties, 
as long as variable results aie obtained we consider 
that we are dealing not with a kind or a pure substance, 
but a mixture. The crude test of homogeneity on 
mechanical subdivision is applicable in a great many 
cases and in others more refined manipulations that are 
in principle the same, such as fractional crystallization 
and distillation, can be utilized. But in any case our 
decision that any particular substance is a natural kind 
or pure substance is an empirical generalization and 
liable to be upset by further investigation. 

It must be admitted that some modification of the 
meaning of natural kind is implied in this use of the 
name. We say that water and common salt (neglecting 
differences between isotopes) are substances or natural 
kinds, but a solution of the t\vo is not considered a 
substance, at least not in the same sense. This is because 
the properties of common salt and water are all perfectly 
definite and constant when measured in the proper way, 
but the properties of the solution are continuously vari- 
able within definite, but fairly wide, limits. The name 
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“common salt” is perfectly definite and unambiguous 
and refers only to one class of things ; a solution of 
salt is however ambiguous and the character of the 
solution is not completely defined until an extra term 
has been introduced ; that is until the concentration 
has been defined. If an unknown substance is investi- 
gated which has that particular kind of variability of 
properties associated with solutions we do not consider 
it a natural kind or pure substance, but treat it as a 
mixture of two or more substances which we then 
endeavour to isolate. However, a mixture if it is homo- 
geneous like a solution, is a natural kind in the wider 
sense that any specimens of the solution have an 
extremely large number of properties in common which 
no other bodies not members of the kind have. 

In the case of chemical classification, as in the case 
of biological classification, it will be seen that simplicity 
of method of classification is sacrificed to the desire to 
obtain natural kinds. Even if a whole crop of special 
difficulties is raised in a classification of this sort, it is 
worth it if the end of obtaining natural kinds is attained. 
In fact it might be said that the aim of a classification is 
not to obtain a way of easily labelling and recognizing 
objects but of so selecting the classes of obj’ects that 
natural laws shall be found to hold between them. But 
in the case of chemistry the matter is very much compli- 
cated because actually the theories, or natural laws, and 
the classification have developed simultaneouslyand have 
reacted on one another. The chemical classification of 
substances would be a hopeless task without a chemical 
theory to guide it. The satisfactory classification of sub- 
stances was only made possible by Boyle’s distinction 
between elements and compounds, Lavoisier’s theories 
about oxygen and oxygen compounds, and finally 
Dalton’s atomic theory. In order to classify a substance 
it is not sufficient even to show what its physical 
constants are, it is also necessary to determine its 
formula in terms of ordinary chemical theory, for this 
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displays its chemical relations and also to some extent 
determines its physical constants. 

The general aim of a natural system of classification 
is not merely to make a catalogue of things under 
convenient heads for purposes of recognition, but so 
to choose the classes that general laws shall be found 
to relate them. If such general laws are found the 
system is considered to be successful, if not, it is con- 
sidered unsuccessful, and another one is substituted 
for it. 

The question asked at the beginning of this section 
as to the legitimacy of subdividing the external world 
for purposes of investigation, which is the same as the 
problem of irrelevance, cannot be answered until after 
the treatment of Induction and will be returned to later. 




CHAPTER III 


Natural Laws 

§ lo. Before saying anything else about Induction 
there is one point I wish to make perfectly clear, on 
which It is impossible to lay too much stress ; that is 
that^the process of scientific discovery, of finding Natural 
Laws, which is what Induction is, is an Art, in the 
ordinary sense of the words.) It is possible to state 
rules for extracting the Square Root of a number or for 
finding trains in Bradshaw, given which anybody not 
entirely devoid of intelligence can perform the operation 
in question successfully. But it is quite impossible to 
lay down rules knowing which anybody can write poems 
like Shelley or make statues like Praxiteles. So also 
15. it impossible to lay down rules which will enable 
anybody to make discoveries like Faraday or Pasteur. 
But strangely enough Bacon seems to have thought it 
possible, and many later thinkers who ought to have 
known better seem to have had some such idea at the 
back of their minds. It is interesting to the Philosopher 
to try and state the rules that govern the successful 
carrying out of an artistic process, but the rules are of 
no help to one who has not got the artistic faculty and 
are unnecessary to one who has it.^ 

In previous chapters we have got the length of 
classifying the things we experience. Observation soon 
shows us that one thing may be a member of several 
classes and that things have relations to one another ; 
spatial and temporal relations for instance. By things 

^ This point has been very well stated by Dr N. R Campbell in his little 
book called JVAat ts Science (Chap IV), a book which cannot be too highly 
praised and is as good and brief as his other book Physics^ the EUn enfs is 
long and bad. 
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in this connection are meant Perceptual Objects. This 
at once suggests that there may be general relations 
between all the members of a class as such. That is 
to say that all members of one class may be members 
of another class also, or all members of a class may 
have a certain relation to something else, a class or an 
individual. It is obvious that the assertion of such 
general relations if possible constitutes a very valuable 
addition to our knowledge. For example we observe 
that there is a kind of bird we call the Cuckoo, and 
sometimes we hear her singing and sometimes not. 
On several occasions we notice that Cuckoos sing in 
Spring and we do not hear them singing at other times 
of the year. We are inclined, therefore, to make the 
general assertion “Cuckoos sing in Spring”. Having 
made this assertion we are in a position to make such 
other assertions grounded on it as “There is a cuckoo, 
Spring has come” or “ It is Spring, we shall hear the 
cuckoo”. These things we could not say if cuckoos 
sang in Autumn or if there were Springs when no 
cuckoo sang. ' But it is clear that on logical grounds 
we are not justified in saying anything more than — 
‘ ‘ Given that there are cuckoos and a season of the year 
called Spring, the proposition ‘ cuckoos never sing in 
Spring’ IS false.Jjj We can infer that a certain general 
jiroposition is false but not that any one is true. 

Unfortunately nobody is directly interested in proving 
general propositions to be false, except occasionally when 
somebody else has said they are true We are more 
interested in the truth of the proposition ‘ Cuckoos sing 
in Spring’ which has not been proved than the falsity 
of the proposition ‘Cuckoos never sing in Spring’ which 
has been proved^ But the negative aspect is really the 
most important. Any particular fact, that is to say any 
proposition describing an event, is incompatible with 
certain general propositions, which therefore must be 
false, and is compatible with certain others, which there- 
fore may possibly be true ; that is always supposing 
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the event is correctly reported. Now an event may be 
described m a number of different ways all equally 
correct but differing in the general terms used and con- 
sequently in the general propositions that are obviously 
logically related to the event. Clearly if our reports of 
facts are to be of any value in establishing general 
propositions they must be so selected and so expressed 
as to demonstrate the falsity of as many general pro- 
positions as possible and thereby restrict the number of 
possible true propositions. The step from the observa- 
tion of an event to the statement of a law or general 
proposition about it is immediate and almost instinctive. 
In fact it usually needs a special effort to describe an 
event simply as a particular event without dragging 
laws into the business ; the effort is one that only the 
most sceptical and sophisticated ever make. No sooner 
have I heard a cuckoo singing in spring than I want to 
say that Cuckoos sing in Spring. ' In fact in one respect 
the statement of a law is meiely a convenient way of 
summarizing the facts of experience. It enables us to 
say briefly what kind of experience we have had without 
bothering about describing places and dates all at length. 
It is only because a general statement logically implies 
assertions about events that have not been observed 
which may be and frequently are false, that we are at 
all cautious about the statement of laws. ' 

Suppose we examine what happens in cases where 
a law IS stated and tunii out to be wrong It must be 
made clear that no irretrievable disaster follows. The 
fact that It turns out to be false does not necessarily 
affect the standing of any other law. Neither does its 
falsity in the cases in which it is false affect its validity 
in the other cases.^ ' This is a very important fact. ' If 
some particular law gives a correct description of what 

^ Keynes points out in his heatise on PtobabiUty the fact that a law turns 
out to be false, does not affect its logical standing previous to the observation 
of the incompatible event It may still have been the most probable law 
given only the previously available evidence This point is one of the most 
important in his whole treatment of the matter and will be returned to later 
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hdb happened in instances a, b, c and d ; even though 
it is false in case e it still remains correct in the other 
cases and may be quite properly described as the law 
of those cases.,;, What we have to do therefore is to 
frame a new law which will cover all the old cases as 
well as the new, which will contain what was true about 
the old one without what was false. Obviously any law 
that has adequately described any event is not altogether 
false. ' It IS better to consider it as badly stated, rather 
than false. 

Take the case of the cuckoos. Suppose for several 
years we have heard cuckoos in May and June and have 
asserted that Cuckoos sing in Spring, then one year we 
hear the sound “Cuckoo” in December. Obviously 
our old law was wrong if all we mean by the name 
Cuckoo IS something that makes a noise “Cuckoo”. 
But if we are truly scientific we shall not rest content 
with this but will investigate further. We shall find 
that the cuckoo is not merely “a wandering voice” but 
a bird of a certain appearance and habits. The sounds 
we heard in December we shall find to be attributable 
to small boys and not to this particular bird. When 
a law IS found to be false we naturally re-examine the 
instances as far as we can in order to find what restate- 
ment of the case will provide a new law. Very often it 
will be seen that the old law did not really fit the old 
facts very well. For instance if Boyle’s Law was only 
examined irt the case of permanent gases at low pressures 
It would seem to hold fairly well. But with vapours or 
gases at high pressures it will be found not to hold. 
Then a more careful examination of the first case will 
show that even there it is not an exact description of 
the facts but only an approximate one. The law that 
cuckoos sing in Spring we can express as “ If ;«■ is a 
cuckoo X sings in Spring” and each occasion some 
cuckoo IS observed provides some value of the variable. 
If /(;tr) is any law, then /(a), /(6), /(c) are instances of 
it. If It turns out false in any case, say f(]t) then it is 
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necessary to find some other form,/i which will hold in 
the instance k as well as a, b and c. If this in turn is 
false in some other instance, then we must look for 
still another form, /, which will hold in that case too. 
We can never be certain that the form we have found 
will really hold in every case whatsoever, but we can 
consider the possibility of there being one to which 
we can approximate. If we have found an imperfect 
law that holds in some cases even though not in others, 
we suppose that there is some law not entirely unlike 
that one, which holds in absolutely all cases and which 
we can postulate as a limit to be approached as nearly 
as possible. The fact that a law is true in any instance 
shows that it is not altogether alien to the truth and 
there is that in it if we can only discover it that is true 
absolutely. 

' There are no rules of course for substituting better 
for worse forms of laws ; it is a matter that must be left 
to our native genius, supposing we have got any. 
Anyway the fact remains that if an instance is found 
which contradicts an alleged law we do not rest until 
It IS replaced by a better one that is not contradicted. 

' A set of events for which there is no law is of itself an 
unsolved problem ; and unsolved problems are very 
painful and irritating things, like the little parasites 
that make the oyster grow its pearls. 

The degree of confidence that is to be placed in a 
law is often said to be measured by the number of 
favourable instances, but this is obviously false. Many 
laws which are asserted with the utmost confidence are 
based upon a very minute number of observations. For 
instance the value of the Gravitational Constant G 
which is a very important law is known with great 
certainty and yet the number of relevant observations 
are few and are likely to remain few for all time ; yet we 
have no doubt as to the correctness of the values or 
that it IS a constant and not a variable. There are 
many generalizations which are supported by countless 
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instances of which we are not nearly so certain. Of 
course it might be said that in the case of a constant 
like G that the general mass of mechanical measure- 
ments that are constantly being made that involve the 
assumption of the value of G are indirect evidence for 
its correctness. But that is evidently not all. ' It is 
easy to think of constants of which the accepted value 
might be wrong or which might be variable without 
much upset of ordinary physical laws and which we 
nevertheless believe in confidently as the result of quite 
a few observations, as for instance the atomic weights 
of some of the rarer elements. In any case the relia- 
bility of the laws resulting from physical measurements 
depends only to a very slight extent on the number of 
observations, but it does depend on the way the 
measurements have been carried out. What this 
means is that by carrying out a physical measure- 
ment in the correct way the chances of error and of 
discrepant instances having escaped observation are 
made extremely small. 

The cases usually quoted in which the number of 
observations is important are such that it is only by 
repeating the observation very many times that we can 
have any confidence that negative instances have escaped 
notice. Innumerable observations of black crows have 
been made without our having any very extreme confi- 
dence in the generalization that all crows are black, 
because it is only by repeated observation that we can 
eliminate the possibility of white crows having escaped 
notice. 

These two cases, that of the blackness of crows and 
the value of G, illustrate one point very well, what our 
confidence in the value of physical measurements is 
based on. In the first place we believe that the pro- 
perties of bodies that we observe in physical measure- 
ment are such as lie at root of things, that we have 
somehow succeeded in arriving at the general ground 
plan of nature by their means. We do not feel that 
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the blackness of crows is something at all fundamental 
in the character of crows, it does not go to the root of 
the matter. Zoologists w'ould not be greatly shocked 
if somebody found a pink crow. They would simply 
call it Corvus Rubescens and go on with their work. 
In the second place the precision of measurement 
consists in just this, that we can see so easily, if there 
is a mistake anywhere ; the vagueness of non-metrical 
and qualitative judgments leaves more loopholes for 
error. 

One of the reasons why we state laws is that they 
are simple ; they serve as an abbreviation of experience, 
as Mach pointed out For the sake of simplicity of laws 
we are even prepared to sacrifice a certain amount of 
accuracy. A law that is very simple and easy to use 
for purposes of calculation will often be preferred to one 
that is more accurate if that accuracy involves com- 
plexity. Thus in almost all calculations the simple form 
of the Gas Laws PV = RT is used, although it is known 
not to be exact, in preference to the more complex but 
exact Van der Waal’s equation. 'This illustrates another 
characteristic of laws that their function in a system of 
knowledge is to summarize experience and we are always 
willing to sacrifice accuracy to convenience up to a 
certain point In particular if you know that a law is 
inaccurate there is no harm in using it. The only 
danger in its use would be if it was thought to be exact. 
One might almost state it as a general rule of method 
that errors do not matter if you are aware of them. 

§ II. The difference between one suggested form 
of a law and another intended to cover the same facts 
IS a matter of classification When an alleged law is 
found to be false in any given case the problem for 
solution IS a reclassification of the facts in such a way 
that the anomalous one can be successfully included. 
This IS a question that I shall return to later In the 
meantime there are some possible objections to the 
views expressed to be dealt Vith. First of all, the 
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position may be summarized. Any observation that 
is made and recorded, is recorded in general terms. 
Therefore a general law is capable of being suggested 
by any observation. The very first time a cuckoo is 
heard to sing in Spring, it may suggest the law 
“Cuckoos sing in Spring.” If the next Spring there 
are no cuckoos or if the next Cuckoo is heard in 
December, then the law is false, but all that happens in 
consequence is that we must try again. The passage 
in thought from a statement of a particular event in 
general terms, e.g., “There is a cuckoo, and it is 
Spring” to a general law “Cuckoos sing in Spring” 
IS as a matter of fact almost immediate and instinctive. 
It is only the frequent failure of the laws that makes us 
cautious and sceptical about the business. 

It may be argued, much on the lines of Mill’s famous 
attack on the syllogism, that the introduction of laws 
is really superfluous as the essential part of the process 
is one of argument by analogy, from particulars to 
particulars. Given a relation of an event A and an 
event B in some particular instance, when an event like 
A (A') recurs an event like B (B') standing in the same 
relation is expected. The alleged general law is not 
needed because we cannot know it to be true until we 
know It is so in the case of A' and B' about which the 
argument is. To take the ancient example, we cannot 
say that Socrates has died because all men are mortal, 
for all we know by observation is that various men die, 
and till we have found that Socrates has died we are 
not justified in saying that all men, including him, are 
mortal. We cannot state the law until the need for it has 
passed and it is at best a rhetorical flourish superadded 
to the argument. ^ The reply to this contention is, I think, 
that as long as we stick to analogy of particulars any 
proper analysis of the problem is impossible. Such 
arguments by analogy are as likely to be wrong as to be 
right, and when they are wrong we must either give up 
the pursuit of knowledge altogether or else examine the 
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problem systematically. The statement of the general 
law involved is a necessary consequence of a proper 
analysis, for the general law is merely the general logical 
form of the facts involved stripped of the particularity 
of their situation. Any attempt at analysis, which does 
not result in formulating a law but treats the particular 
analogy as such, ends by making it look ridiculous. If 
we say that A is related to B and as A' is like A, B' 
which IS like B will have a similar relation, and if we 
are wrong, as we may be, it is necessary to analyse the 
likeness. The analysis will consist in finding some 
respects in which A and A' are different and some 
respects in which they are identical. Obviously it is 
only in virtue of the identities that the analogy can hold. 
In so far as they are different the argument is false, 
but in so far as they are identical it is tautologous. If 
we have an A and an A' that are really identical, one 
part or aspect of that identity will be the relation to B 
and the argument is reduced to “A is related to B, 
therefore A is related to B”. We are left with a 
problem similar to the original one about general laws, 
that we cannot make the inferences until we know by 
experience that the conclusion is true and the inference 
is not required. But what is more important, the process 
of analysis sooner or later involves the use of universals 
and of general laws. If Brown has died and we say 
Jones is like Brown and will die too, our analysis of 
the likeness of the two individuals will be expressed in 
terms of universals, qualities and relations, and we 
cannot avoid stating the relations or universals in the 
form of laws. The similarity between Brown and Jones 
that IS relevant to the case in point is a matter of general 
relations among the attributes of the class men and the 
class of events called death. 

' As long as we stick to argument from particulars to 
particulars by means of analogy we must give up the 
attempt to obtain knowledge in the instances where it 
turns out to be false. , 'When it happens to be true no 
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analysis is required, naturally, but then knowledge does 
not advance by means of true assertions but by means 
of false ones. If a proposition happens to be true, our 
wants are satisfied indeed, but intellectually we remain 
where we were. Positive increase in knowledge only 
comes when a proposition thought to be true turns out 
to be false, as Poincare says a propos of false hypotheses. 
If the inferences of Science were always correct, science 
would be useful enough but would be devoid of theo- 
retical interest. 

These contentions must not be taken to imply that 
analogy has no value ; on the contrary, analogy is the 
basis of all inductive argument. All that is meant 
is that its use to argue from one particular case 
to another belongs to the uncritical and unreflected 
stage of reasoning. 

§ 12. A natural law as has been maintained is 
essentially a general correlation between classes,; it is 
an orderly arrangement of classes. Given the same 
basis of experience, the same facts that is, according 
as we select our classes, they may appear orderly or 
disorderly. The n umber of ways in which the data 
of experienc e can be ^classified is .unlimited, and clearly 
it is necessary to select from them those particular ways 
of classification which will allow laws to be apparent. 
It seems possible that any method of classification would 
produce laws of sorts, that is to say that whatever the 
classes some general relations will exist between them. 
But it is obvious that some systems of classification will 
give more numerous and more general and simpler 
laws than others ; and these, if anybody hits on them, 
will be adopted. This idea I wish to illustrate in 
detail. First of all I will restate what I believe to be 
the mechanism of the process. The allegation of a law 
is the allegation of a complete correlation in the case 
of some particular class so that we can say every A has 
the property or relation B. If we find any A that is not 
B we can either say that it is not really an A or that 
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what all A’s really have in common is not B, but some- 
thing else rather like it. In any case wherever a law 
IS found to fail we try to reinstate it or some other like 
It by making a change in our classification. 

First let us take a trivial case. It is a popular belief 
that red-haired people have bad tempers ; this, if it 
were true, would be a natural law. At any rate it is 
undoubtedly a fact that there are people who are red- 
haired and bad tempered. There is some correlation 
between the classes, which, even if the belief as it 
stands is false, forms the basis of it. But it is also the 
case that some people whose names begin with B are 
bad tempered, yet nobody has ever thought that it 
was a law that all people whose names begin with 
B are bad tempered as they have in the case of red- 
haired people. The reason for this is clear. It is 
generally considered that the classification of men 
by the initial letters of their names is purely artificial. 
That is to say men whose names begin with B have 
that common and peculiar to them, but absolutely 
nothing else. Nothing would be more astonishing 
than to find as a matter of fact that among a large 
group of men all whose names began with B were bad 
tempered. It is more disconcerting to find a law where 
you do not expect it than to find it lacking in other cases 
where it is expected.. We should scoff at a man who 
seriously investigated whether men whose names began 
with B were bad tempered. However clear his results 
and refined his methods of investigation, we should 
probably still scoff. On the other hand if he proposed 
to investigate statistically whether red-haired people 
were bad tempered we should have to admit that it was 
a reasonable subject for investigation, and we should 
admit this even if we believed that it was merely a 
superstition that red-haired people are bad tempered. 
That is because bad-tempered people and red-haired 
people are, tq_sqme extent at least natural kinds, classes 
that is, among which laws may reasonably be expected. 



64 SCIENTIFIC METHOD 

They are the sort of classes that may possess each a 
large number of properties common and peculiar to 
themselves, such as form the basis of laws. We know 
that there are bad tempered people who are red-haired, 
therefore the matter is a fit subject for investigation. 

Suppose somebody has studied the matter statisti- 
cally and found among a large group selected at random 
that 75 per cent, of the red-haired people were bad 
tempered while in the whole population only 50 per 
cent, were bad tempered. A result of this sort would 
show that there was something in the method of 
classification used, but not enough to justify the 
assertion of a law. Clearly in trying to correlate red- 
haired people and bad tempered people we have not 
got to the bottom of the problem and it still remains a 
problem. To make any further progress in knowledge 
It is necessary to revise the classification used and start 
again. And until the correlation is complete it is 
necessary continually to try new methods. For instance 
we might enquire whether red-haired people with 
Roman noses were bad tempered ; or we might adopt 
a different line and say that what degree of correlation 
there was, was accidental and due to red-haired people 
having been persecuted about it while young. 

I have chosen this trivial example because it lies 
outside the region of our usual presuppositions about 
nature and the classifications involved are not in any 
way stereotyped. For the most part our classifications 
and a number of laws are assumed bodily. Prior to 
any systematic investigation of nature something must 
be assumed provisionally, and what is assumed will 
naturally be modified from time to time as experience 
shows to be necessary. But given any body of know- 
ledge It is only reasonable that the modifications needed 
be carried out so as to cause the least disturbance to 
laws and classes already recognized. The process of 
rearrangement has been done so completely over such a 
wide range of subjects that it is easy to lose sight of the 
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fact that any alteration was ever needed Though as 
a matter of fact there is probably no branch of know- 
ledge m which laws may not be found to break down 
and in which classification may not require some 
revision. 

\ It is sometimes maintained that very well established 
natural laws are raised to the status of axioms and are 
therefore immune from criticism in the light of any 
experience whatever. This is not, I think, quite 
strictly correct, though it is a fair approximation to 
what is true for the most part. It would be more 
nearly correct to say that a law supported by a very 
large body of evidence is not likely to be upset in any 
way to accommodate some comparative newcomer among 
laws. Generally speaking, it is worth giving a sprat 
to catch a herring, but the converse process is 
uneconomical. 

When Galileo began to investigate the laws govern- 
ing falling bodies, he found ready made a large body 
of knowledge about the external world which was 
relevant to his enquiry. Among others were a number 
of alleged natural laws and a fairly definite and coherent 
system of classification, the legacy of what may be 
conveniently called “common-sense”. Much of this 
is summed up in the phrase “heavy body”. To 
begin with he took this for granted, provisionally at 
least, without any elaborate analysis of what he was 
assuming. But he concentrated his attention on testing 
an alleged law, which may be stated in the form that 
the rate of fall of a heavy body falling freely is a function 
of its weight, so that the heavier body will fall the 
faster. To do this, as is well known, he took a i-lb. 
and a lo-lb. shot to the top of the Tower of Pisa (he was 
a young man then) and dropped them simultaneously 
over the edge. To the great disgust of the self-styled 
Aristotelians present on that occasion, they reached the 
ground simultaneously or so nearly so that the difference 
was negligible. The alleged law, therefore, was false. 

E 
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The next thing he had to do was to find a better law 
to replace it. It is important to notice that both Galileo 
and his opponents were all quite confident that there 
was a law to be found if only they looked for it in the 
right way. His idea of the right way of looking for 
the law was to observe how bodies fell under different 
circumstances, but most of his contemporaries thought 
the right way was to read the works of Aristotle. 

The use of his five senses alone would have not 
sufficed him without the use of the ^ cl assification of 
experience provided by ^common-sense and the known 
or assumed relations among the classes. ^ But given 
the information supplied by common-sense the number 
of possible laws of falling bodies is so large that the 
correct law could never be arrived at by eliminating the 
possible laws one by one. Fortunately, a very small 
number of properly devised experiments suffice to 
disprove an infinite number of laws. Whenever an 
event can be repeated at will (within specified limits 
of variation) it shows that any law is false which asserts 
a functional correlation between the way the event 
occurs and anything that has changed between the 
various occasions. For example Galileo could easily 
show that the rate of fall of bodies was independent 
of the time of day, the direction of the wind, the phase 
of the moon, and so on. In this way in any investiga- 
tion of restricted scope a whole host of irrelevances can 
easily be brushed aside. But there will still remain a 
large or more probably an infinite number of different 
possibilities, though they will be of a more or less 
restricted sort. 

After finding that a number of different bodies under 
the same conditions fall at the same rate in spite of their 
differing in a number of respects, Galileo considered 
himself justified in asserting as a law that any body 
falling freely under gravity fell at the same rate, making 
the necessary reservations as to air resistance. > He did 
this after trying only a small number of different bodies 
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out of the infinite variety of all possible bodies, i Never- 
theless everyone will admit that he was right, and any 
objection to his procedure on the ground that though 
the law was true of certain lumps of iron and brass and 
wood that he had tried, it would not hold in the case 
of elephants or pearls or statues of Julius Cassar which 
he had not tried, would be dismissed as frivolous. 
Nobody thinks he ought to have dropped an elephant 
off the tower of Pisa as well as his various kinds of 
shot. We should say that the respects in which 
elephants and pearls and statues differ from the objects 
Galileo actually used are not relevant to the enquiry. 

The problem, however, is undoubtedly a difficult 
one and not to be dismissed lightly. It goes to the 
very root of our theories of matter. It cannot be denied 
that the whole structure of Physics is bound up in the 
experimental facts of the behaviour of bodies m the 
gravitational field. If the alleged facts were wrong 
there would be very little left of science, and yet it 
must be admitted that the relevant experiments that 
have been recorded are curiously few and that the 
number of bodies and substances that have been studied 
are also curiously few. It is very unlikely that the 
matter has been seriously studied since the seventeenth 
century, and the experimental facts bearing on the 
case have almost passed into the region of mythology. 
Of course every student of elementary mechanics does 
experiments designed to show the behaviour of bodies 
under gravity, but these though rather more precise do 
not demonstrate anything more than Galileo did with 
his inclined planes and do not include a much wider 
range of material. Of course the everyday behaviour of 
various kinds of mechanism and the familiar experi- 
ence of weighing supply a certain amount of indirect 
evidence. The most that this evidence amounts to is 
that bodies of iron and brass and wood and some other 
common substances behave alike, and further that when 
frictional effects are eliminated the shape of a body is 
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not of any importance. What about comparatively rare 
or newly discovered substances? What do we know 
of the behaviour of Gallium or j8-iminazolylethylamine 
in the gravitational field? These substances have been 
weighed to be sure, but that is not enough. Do we 
know that their Inertia Mass is proportional to their 
Gravitational Mass or that they fall under gravity with 
constant acceleration? The answer is, not by experi- 
ment, only by theory. 

Is It the case that I^wton’s extraordinarily brilliant 
generalization about gravity has dazzled us even to 
this day? Einstein, according to that eminent scientific 
authority the Daily Mail, has recently exploded the 
Newtonian Law of Gravity, but even Einstein is 
probably so far hypnotized by Newton that he believes 
that equal masses of iron and of praesodymium sulphate 
will fall at equal rates. 

The very nature of the difficulty, I think, suggests its 
solution. The experimental laws of mechanics worked 
out by Galileo and other early physicists, completed 
and summarized and built into a theoretical system by 
Newton have long been made the headstone of the 
corner of all Physics. Newton’s ashlar may have 
been left rough hewn to be faced and polished up by 
mathematicians of to-day, but it has never been moved. 
If any of the builders took upon themselves to reject 
it they would bring the whole edifice tumbling about 
their ears. 

If we took Galileo’s experiments in isolation these 
objections might be plausible, but if they are considered 
in relation to the system of Newtonian mechanics 
towards which Galileo made some of the first and most 
important steps, they are seen to be trifling. The 
reason is not very easy to make clear, but is I think as 
follows. In the Newtonian mechanics we think we 
have somehow got very near the real ground plan of 
nature. We think that laws he enunciated are not 
only true but vital. I think the reason why the theories 
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of the early Greek Physicists — all their talk of Hot and 
Cold and Moist and Dry — sound so thin and futile to 
modern ears, is that we feel they had not really got 
to the bottom of things. It is absurd to say that they 
had not any basis of facts to go upon and were merely 
indulging in idle speculation. I am certain they had 
lots of facts. They were obviously most alert and 
observant men with enough brains each to make half-a- 
dozen Fellows of the Royal Society. What was wrong 
was that they had not hit upon the important sort of 
facts. With Archimedes’ work on Statics we feel that 
he IS getting towards the real point ; the right ideas are 
beginning to form in his mind , his is “ getting warm ” 
as the children say. With Galileo, who knew and 
extended Archimedes’ work, we feel that at last the real 
discovery is coming. Yet how few and rough his 
experiments in Mechanics were ; a schoolboy could 
have done as well and as much. Of course he could, 
if he had thought of it! Those crude experiments of 
dropping weights from the tower of Pisa and rolling 
balls down inclined planes were nevertheless veritable 
gold mines of knowledge. All the experiments that 
have been done during the last ten years do not tell us 
as much about the world as his do The ideas he was 
formulating were beginning to reveal something of the 
authentic ground plan of nature It was not simply 
what he observed but the way in which he .interpreted, 
selected and classified his experience that mattered. 
Others might have observed exactly the same facts and 
learnt nothing. \ 

Now the ideas of which we find the seed in Archi- 
medes, and which sprouted with Galileo, to blossom 
into the Newtonian mechanics were the notions of 
Inertia and Mass and of Force and Velocity.* If these 

' I am quite aware that Energy is more fundamental than Force and 
that we have got beyond Newton’s idea of Mass, and so on and so forth 
But all this IS mere decoration of the theme and does not affect the. 
argument 
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are really fundamental notions, ideas that tell us of the 
real stuff and substance of nature, then when we use 
them we are dealing with universal relations, and 
characters of bodies , and if our still more primitive 
ideas from which we get the notion of bodies and sub- 
stances and of the geometrical relations and properties 
of bodies are also fundamental ; then we must conclude 
we are dealing with . properties of bodies which are 
universal and do not vary from substance to substance 
Evidence that the property of mass and the relation of 
masses of quite a few substances are similar is enough 
to enable us to extend our laws to any substance. It 
was in this way that Newton could find the same law 
in the fall of the apple and the rotation of the moon. 

* The first part of the Law established by Galileo was, 
as I have said already, that any freely falling body falls 
^ at the same rate under the same conditions irrespective 
of its weight. The justification for applying this 
literally to any body is that sufficient different kinds 
have been tried to show that variation of any relevant 
property makes no difference. The next step was to 
find what was the relation governing the increase in 
velocity of a falling body; if this could be done the 
problem of a body falling under gravity was solved. 
Galileo seems to have attacked the problem with 
complete confidence that the distance fallen was some 
simple function of the time.- His simple-mindedness in 
this respect was that of the true experimental genius, 
for It showed him the possibility of settling the question 
by measurement. He made a number of measurements 
and it was obvious that the distance fallen was pro- 
portional to the square of the time. He thus established 
a very important law and introduced a new and 
valuable conception into science ; that of an accelera- 
tion. I need not follow out his work any further, this 
much is enough for the present purpose. 

As the result of these experiments there was no 
. considerable disturbance of the common-sense classifica- 
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tion of things ; we may leave out of account his dis- 
proof of the Scholastic theory that bodies fell at a rate 
proportional to their weight. In the main his results 
were in the direction of the discovery of new facts, the 
clarification of existing ideas and the introduction of 
new ones. He had acquired from Archimedes the 
notion of Gravity as a force directed towards the centre 
of the Earth, the notion of Acceleration he invented (I 
take It) and the further notion of Mass was implicit in 
his work though perhaps not clearly expressed till 
Newton’s time. With these notions Galileo was able 
to make and express observations and measurements in 
a way that was impossible without them, using the old 
ideas of weight, and the natural place of bodies and so 
on. All this essentially involved a revision of classifica- 
tion but more in the way of clearing up vague ideas 
and introducing new ones than of destroying old ones. 
The introduction of a new idea is a process of classifica- 
tion because the new idea provides a new class concept 
for the grouping of the particular facts of experience. 
It may happen that all the members of the new class 
were members of an old one, but a change will have 
been made if the new class is more adequately defined 
than the old one. It was in virtue of his new ideas 
that the simple and crude experiments of Galileo were 
instruments of such power. Without them the experi- 
ments could hardly have been made and if made would 
have been barren. The mere recording of observations 
will not result in the discovery of laws unless the right 
notions and .methods of classification are there. 

§ 13. In the present section I wish to give as briefly 
as possible some instances of how the existence of laws 
is dependent on the arrangement of the facts. The 
cases are drawn from physics rather than any other 
branch of science, because it may be plausibly main- 
tained that there are no really simple laws relating to 
living things, whereas everybody admits that laws are 
to be found among any purely physical phenomena 
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provided we hunt for them diligently. What I wish to 
emphasize is the further fact that they must be hunted 
for in the right way or they will not appear As 
Whewell said, t^ie process of Induction depends for its 
success upon having the right Idea to start with. 

Meteorology is based on the study of certain data 
collected at various times and places in a more or less 
systematic way. The data consists for the most part of 
measurements of Barometric Pressure, Wind Direction 
and Velocity, Air Temperature and Humidity, Solar 
Radiation, Rainfall and other phenomena connected with 
what is vaguely but conveniently called “Weather”. 
Nobody doubts that there are^aws relating all these 
things, and that if the laws are known they will suffice 
adequately to describe the states and changes of the 
weather and to predict its course in the future. Further 
nobody doubts that the factors at work are those ordin- 
arily dealt with in text books of Physics — “Heat”, 
“ Light ”, ” Properties of Matter”, and so on. Ultimately 
the whole set of phenomena are considered as capable of 
being described (or “explained”, to use a popular but 
misleading expression) in terms of the general laws of 
physics, e.g , the movements of the air, we call Wind, 
in terms of the laws of Mechanics ; the precipitation of 
moisture in terms of the thermo-dynamic properties of 
gases, and so on. But the abstract general laws of 
Physics can only be applied if the meteorological data 
have first of all been arranged and displayed orderly in 
the form of special meteorological laws. Now at first 
sight meteorological data are about as chaotic as any- 
thing very well can be, and it would seem to be as 
profitable to look for simple laws among them, as to 
look for snakes in Iceland. But there is a simple device 
which helps to clear up the confusion ; this is the 
well-known method of displaying the variation of the 
meteorological factors at a given time from place to 
place by means of a Synoptic Chart. More particularly, 
from the geographical distribution of barometric pressure 
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lines of equal pressure (Isobars) can be drawn on the 
map. The study of a senes of such charts drawn for 
successive times at once reveals certain legularities. 
There is an intimate relation between the arrangement 
of the Isobars and the velocity and direction of the 
wind ; there are certain characteristic distributions of 
Isobars which correspond to certain well defined types 
of weather ; and lastly there is a tendency for the system 
of winds and pressure distribution to move across the 
map as an individual whole for hours, days, or even 
weeks in a fairly regular way. In fact the whole method 
of weather forecasting in use at present is based on the 
study of synoptic charts and the classification of types 
of weather that they have made possible. This process 
of plotting out the instantaneous distribution of the 
meteorological elements over a region of the earth’s 
surface and then watching the way it changes with lapse 
of time !is not in any sense a method of generalizing 
from the data but merely of plassifying the data. The 
facts are just the same as they were before the chart was 
drawn, the only difference that has been made is in the 
arrangement of them., It is even more instructive to 
examine the defects in this method of recording the data. 

If we look at a chart showing a typical “cyclonic” 
distribution of isobars it shows the wind blowing round 
the centre of the cyclone in a counter clockwise direction, 
in the Northein Hemisphere, the direction of the wind 
being nearly tangential to the isobars. When we re- 
member that the whole cyclone will be moving bodily 
in an easterly direction sometimes with considerable 
speed, and further that the air temperature in different 
parts of it is very different, it is seen to be unlikely that 
any given mass of air is actually rotating round the 
cyclonic centre. It is more probable that the cyclonic 
centre is a fictitious entity, and that the air that at any 
given moment is blowing tangentially round it has 
moved towards it and will afterwards move away, and 
that as the cyclone moves from west to east it does not 
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actually carry the air with it. Nqw although there is 
nothing actually visible on a series of synoptic charts to 
show where the air has come from and where it is going 
to, and so far the charts are misleading, the necessary 
data for calculating the actual paths of the air currents 
over the Earth’s surface are all there, and only require 
arranging and working out. This has been done in a 
number of cases and a beginning made towards the real 
study of the dynamics of air currents, and even the 
few published results indicate that' this new method of 
classifying the data as to air movements will be fruitful 
for the discovery of new laws.^ ^ 

Whereas the synoptic chart introduces jaw and order 
among barometric observations, temperature observa- 
tions plotted out in the same way remain rather chaotic 
and practically no simple generalizations are possible, 
though a study of the actual air trajectories affords some 
help. One reason for the failure of synoptic charts in 
respect to temperature data is the very large diurnal 
range of temperature at any one spot which “affects 
a synchronous chart in a very special manner. The 
region of the daily weather map of the Meteorological 
Office extends from the Azores in Long. 28° W. to 
North Sweden in Long. 25° E. and the difference in 
longitude implies a large difference of local time and 
therefore of local temperature. Thus when it is sunrise 
at Greenwich it is two hours before sunrise at the Azores 
and nearly two hours after sunrise at Haparanda There 
are consequent differences of temperature which make 
a temperature chart for 7 a.m. a structure of very com- 
plicated meaning ”.® Possibly a synoptic chart based 
not on simultaneous observations but on observations 
at corresponding local times would display temperature 
variations in a more systematic manner, but such a chart 

‘ The Life History of Surface Air Currents by Shaw and Lempfert, 1906 , 
Met OfRce Report, No 174, gives a full account of the work and there is an 
excellent summary in Ch VII of Sir Napier Shaw’s book Fotecasttng the 
Weather (1913) 

'■* Shaw, forecasting the Weather, pp 80 and 81. 
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would turn the representation of all other meteorological 
elements into a hopeless chaos. Generally speaking 
the kind of classification which enables the laws of 
pressure distribution to be discovered is not that which 
displays the laws of temperature distribution, whatever 
they may be. 

Tides and Tidal Streams in narrow waters provide 
an excellent example of extremely confused phenomena 
which are admitted to be due ultimately to the operation 
of simple dynamical laws, but which are very difficult 
to express in the form of laws at all. Without going 
in any detail into this difficult but interesting subject 
one case where a chaos of facts can be turned into 
comparative order may be given very briefly. When 
a tidal wave enters shoal water, as for instance the 
Atlantic wave entering the English Channel, part of 
the energy of the wave is transformed into a horizontal 
streaming movement. It would naturally be e.xpected 
that on the flood tide the stream would set in the direc- 
tion of movement of the crest of the wave and on the 
ebb in the opposite direction, as indeedi happens at the 
mouth of a tidal estuary. But this state of affairs is 
only found at some parts of the Channel ; at others the 
stream actually runs in the opposite directions and at 
others it changes its direction at some time intermediate 
between high and low water. That is to say though 
the times of high water at any point and the direction 
of the tidal stream at any tune at that point can be 
predicted by the usual methods, there seems to be no 
way of correlating the ebb and flow of the tide at any 
place and the tidal stream, or of correlating these 
processes at different places. If all the data were 
tabulated, undoubtedly all the information would be 
there, but in such a chaotic form that it would be a 
long and laborious business for the navigator to work 
out his course. This chaos of events can be arranged 
in a comparatively orderly fashion, as regards the tidal 
streams, by referring them all, not to local times of 
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high water, but to the time of high water at Dover. 
Then it is seen that at High Water and Low Water at 
Dover the streams in practically the whole Channel are 
slack. As the tide begins to flow or ebb at Dover so 
the water in nearly the whole of the fairway of the 
Channel sets inwards or outwards, towards or away 
from the Straits ; at the same time the water in the 
southern part of the North Sea sets towards or away 
from Dover. There is a slight complication in the 
stream in the straits between the area occupied by the 
Channel and North Sea streams. The water in this 
intermediate area at the beginning of flow or ebb all 
sets towards the North Sea end, but gradually, the line 
of junction or separation moves easterly until at the 
end of the flow or ebb all the water is running with the 
Channel Stream. ‘ ' In this way, while we have added 
no fresh data, simply by rearranging the facts we can 
get from a confused mass of facts to a comparatively 
orderly one, among which laws are to be found, and 
such that the description can be couched in general 
terms. 

I have chosen these rather out of the way cases as 
they show that the mere knowledge that there are simple 
laws at the bottom of events is no earthly help in itself 
towards getting the description of the events into such 
a shape that these simple (and of course general and 
abstract) laws can be applied.' Until the preliminary 
detailed work of the Meteorologists has been accom- 
plished It was about as helpful to believe that the wind 
was due to simple physical causes, like the Earth’s 
rotation and the heating of the atmosphere by the sun, 
as to believe that the “wind bloweth whithersoever it 
listeth.” In either case we had to find out first how the 
wind actually did blow on particular occasions and to 

^ Some idea of the nature of the raw data can be got from the detailed 
information in the Admiralty publication, Tide Tables for British and Irish 
Ports and Tides and Tidal Streams round the British Isles The general 
scheme is detailed in the latter work and also in The Channel Pilot 
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correlate that if we could with something else. IHow- 
ever much we may be convinced that an apparent chaos 
is § cosmos at bottom, if we only knew it, we still have 
to use experience and the primitive process of trial and 
error, or our conviction is vain. Moreover, the most 
vital part of this preliminarj' process is how wg.j:lassify 
Qur facts ; it is that that in the first stages makes the 
difference between chaos and prder, not any general 
b.elief in the Reign of Law.J 

It might be argued that all the relevant data for a 
science of Chemistry and a good part of Physics are to 
be found in Landolt Bernstein’s Physikalisch-Chemischen 
Tabellen. That is undoubtedly true for anybody vi^ho 
already knows something of the relevant sciences. But 
nobody who was not a genius could learn any science by 
studying tables of constants, simply because, although 
the tables give him data, he has not got the necessary 
apparatus of ideas .with which to arrange them. ' 

Lastly let us consider the problem investigated by 
Lord Rayleigh when he was measuring the densities of 
gases.* In the late eighties he made some very accurate 
determinations of the ratio of the densities of Hydrogen 
and Oxygen, which ratio is one of the most important 
and fundamental constants in Chemistry. Later he 
went on to determine the absolute densities of various 
gases. For Air and Oxygen he obtained results of 
great accuracy. Then, suspecting no evil, he went on 
to Nitrogen. But here he found his results were not 
concordant to the extent his previous work led him to 
expect. After making a number of determinations as 
carefully as possible he found that the average density 
of Nitrogen obtained from Air, by removal of Oxygen 
and the other gases, was about one-half per cent, more 
than the average density of Nitrogen obtained by the 
decomposition of Nitrogen compounds. The difference 

* References Proc Roy Soc 1888, 1892, 1893, 1894, 1895 There is a 
critical sammary of previous gas density work by Guye in Chemical News, 
1918, Vol XCVII, pp 53 and 68 
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was small and for many purposes negligible and had 
not in fact been noticed by previous workers. But still 
It was clearly unsatisfactory to have to acknowledge the 
existence of two gases identical m all respects except 
for this small difference in density. If this discrepancy 
had been discovered at the present day, all the wise 
men would have said “ Ah, yes ; of course ; Isotopes 
of Nitrogen. How interesting 1 ” Fortunately Rayleigh 
did not do this, but enquired instead into whether some 
or all of his nitrogen might not be contaminated with 
an impurity. After seeking in vain for some noticeable 
impurity in his nitrogen he remembered an almost 
forgotten observation of Cavendish. Cavendish, with 
that infinite capacity for taking pains which in his case 
amounted to genius, had succeeded in showing that the 
nitrogen of air could be made to combine with oxygen, 
except for a small residue “ not more than 120th of the 
whole.” It occurred to Rayleigh that this residual 
gas might be the impurity he was looking for and he 
repeated Cavendish’s experiment. Using an easier and 
quicker method than Cavendish he succeeded in getting 
all the “ nitrogen ” of a sample of air to combine except 
for'a small fraction which had a higher density and was 
in fact a hitherto unknown gas. He then showed that 
the nitrogen from air after purification from this gas has 
the same density as nitrogen obtained from a compound, 
and the science of chemistry was vindicated. The 
subsequent history of his new gas I need not retail, it 
is well known. 

From our point of view what Rayleigh had done was 
to reclassify the bodies formerly called nitrogen into 
“ nitrogen ” and “ nitrogen plus argon By so doing 
he was able to show the correctness of the old empirical 
law that? bodies with a number of specific properties 
in common have all specific properties in common. I But 
we know that there is no a priori necessity for this law 
and we even know that it is not always true, j This does 
not detract from the value of Rayleigh’s work, because 
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he was not guided by the belief that this law must be 
true (at least I think not) but by the instinct of the true 
experimentalist that ;where there is an anomaly there is 
something to be discovered. ' The successful discoverer 
is the man who believes in his .observations rather than 
in the.,theories he has learnt from others or even, those 
he has made up for himself. . There are many other 
morals to be drawn from this* classical research. ^ One 
is'that an investigator never knows what he is going to 
find.\ Rayleigh was apparently doing the very dullest 
sort of work — redetermining a constant of one of the 
most carefully investigated substances, to get another 
significant figure in. It will be remembered that when 
Saul went out to look for his father’s asses he found a 
kingdom. 

§ 14. I have argued that our general knowledge of 
the external world as expressed by laws of nature, is a 
product of the interaction of two processes, ^election 
(rom and classification of what is experienced and the 
discovery of laws relating the .classes. The two pro- 
cesses are linked together and in fact developed simul- 
taneously, so that we adjust our glassification in order to 
obtain general laws and apparently believe in our laws 
because of the excellence of our classification. It sounds 
as though there might be a vicious circle involved in 
this process. That is to say the laws are not laws of 
nature, but identities of definition or relations among 
the class concepts which are deducible from them, and 
hold good by definition whatever the facts of the case. 

Against this we may point to the fact that laws are 
as a matter of fact constantly turning out to be false. 
Suppose for a moment that Lagrange’s equations were 
deducible from the definitions of the terms involved, it 
still remains to discover by observation whether there 
are things whose properties can be adequately described 
in these terms and whether the particular observed 
values of the terms satisfy the equations. ' All this 
involves a purely empirical process that cannot be turned 
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into a deductive one. ^ It might be interesting to the 
pure mathematician to study Lagrange’s equations for 
the sake of the form of the functions, but he would never 
get an inkling that these were the Laws of Motion, 
unless he carried out an experiment, made his symbols 
stand for measurable quantities and then made the 
measurements. Given any body of experience we are 
at liberty to classify what we experience either as a 
system of the form Pi, pj, pg, . . . p„ or of the form 
qi, q^ . . . qn or rj, r^, . . . r),, or of any other form 
just as we like. Theij if we take any of these systems 
P, Q, or R, or any other, we may either observe or 
deduce the relations holding among the classes and 
functions. If we find the relations by deduction we 
must then make the necessary observations to see if they 
hold , while if we find the relations empirically we must 
see whether the relation is compatible with the form of 
the system (what is described as “giving a physical 
^meaning to an empirical formula”). In either case the 
result is exactly the same logically, the difference is 
merely in the historical order of the operations. And 
in any case from our systems, P, Q, R, we select the 
one giving the most manageable relations. ' It is hard 
to see how there can be any vicious circle provided that 
the relevant observations are honestly and genuinely 
made and applied in the correct way. The fact that we 
may find our laws and our classifications imperfect and 
change about from one to the other according to circum- 
stances does not make any difference. The further fact 
that in a favourable case one observation may establish 
a hundred laws does not imply that ninety-nine could 
have been established without any observation at all.) 

It may be assumed that the Phase Rule of Willard 
Gibbs proceeds logically from a few of the most general 
and abstract notions that we can possess on the subject 
of matter and energy ; and it is conceivable that the 
principle would be perfectly intelligible to a being who 
had no experience corresponding to our experience of 
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the behaviour of material objects. But it still remains 
to see whether there are systems which do really behave 
in the way that the Phase Rule requires. It might 
happen that no actual aggregate of bodies ever was in 
a condition approaching the condition of thermodynamic 
equilibrium upon which the deduction of the Rule 
depends. If this were so, the Rule would still be just 
as true, but we could never apply it. It is notorious 
that the scientific world took no notice of Gibbs’ work 
for many years, not until the Dutch chemist Roozeboom 
took It up. This is usually attributed to the difficulty 
of following his argument and to the obscurity of his 
medium of publication — the Transactions of the Con- 
necticut Academy. But there is, I think, a further 
explanation. Nobody now knows what the learned men 
of Connecticut thought about “Heterogeneous Equi- 
librium ” in the seventies, nor what the industrious 
Teutonic abstractors who must have at least looked at 
the paper, thought. But it seems likely that nobody at 
the time knew that the Phase Rule was a law of nature. 
Gibbs gives no hint that this particular deduction can 
be applied to any concrete case ; it might be a pro- 
position in pure mathematics as far as he is concerned. 
But when Roozeboom went into his laboratory and 
showed that things did really behave as Gibbs said, 
everybody was full of admiration. This story is some- 
times told as illustrating the obtuseness of ordinary 
scientific men, who are not worthy of the pearls that 
lonely geniuses like Gibbs cast about before them Is 
It not the case rather, that the general instinct of men 
of science is quite sound? What they want is an 
experiment ; they want somebody actually to go and 
measure something and draw a curve. I should not 
wish for a moment to be supposed to be decrying Gibbs, 
who was probably one of the dozen or so men of supreme 
genius, but I think due honour ought to be paid to the 
man who first realized that the sort of things that Gibbs 
had deduced from first principles were also the sort of 
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things that can be applied in the laboratory or the 
factory ; that Gibbs in other words was deducingj. Law 
of Nature, something that could actually be used to 
help people to crystallize Potassium Chloride from a 
solution of Carnellite. Lots of people can deduce things 
from first principles, but they are not laws of nature. 

This argument does not meet the whole of the 
objection raised. It may still be said that our belief 
in laws rests on no firm basis if laws are by definition 
the sort of relations that hold among natural kinds, and 
natural kinds are the sort of .classes among which there 
are laws. This argument is in a sense unanswerable, 
so far as I can see. General beliefs not obtained deduc- 
tively but based on matters of facts have no rigid ground. 
An act of faith is necessary at some point or other. This 
must be acknowledged. Still, a man is free to believe 
anything he likes as long as his belief does not bring 
him into collision with the police ; and there seems to 
be no ground for objecting to acts of faith provided two 
restrictions are recognized. First, that the amount of 
“pure” faith is kept within the narrowest possible 
limits. Second, that the act of faith is always made 
tentatively and as liable to revision. , 



CHAPTER IV 


The Validity of Laws 

§ 15. The questions discussed in the previous Chapter 
have been concerned with Ae relations between the laws 
that can be discovered and the classification of the con- 
stituents of the external world ; no serious attempt has 
yet been made to find what are the rational grounds, if 
any, for believing in the validity of natural laws. That 
is to say the logical status of the process of induction 
still remains to be discussed. Keynes in his Treatise 
on Probability (Chapter XXIII) remarks with astonish- 
ment how few are the books dealing with Induction. 
He ought, I think, to have expressed some gratitude 
to the multitude of authors who have refrained from 
writing on the subject. As the result of their self- 
denying ordinance the student of the subject ran read 
a small number of quite good books instead of being 
faced, as usually happens, with the task of turning 
^over vast dust-heaps, excreta of the human mind, in 
the hope of finding here and there something of value. 
As Keynes says most logicians content themselves 
“with the easy task of criticizing Mill or the more 
difficult one of following him.” Meanwhile Hume, 
who pooh-poohed the whole process, remains master 
of the field. 

Keynes’^ own treatment of the subject is candid, 
lucid and masterly ; and yet at the end of it all we are 
left almost exactly where we were before. That is to 
say we can find no reasonable ground for believing in 
the results of Induction, but we go on believing just 

1 Most of what follows is due to Fart III of his Treaitsi and to Broad 
{Mtnd, Oct igiS and Jan 1920J, whose discussion is on similar lines 
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as much as we ever did. Nowhere do sceptical argu- 
ments have so much force or so little effect. 

There was one very important mistake made by Bacon 
in his treatment of the subject and repeated by Mill.^ 
These authors expected inductive reasoning to produce 
certainty and thought that an induction that was not 
certain was worthless, so that if it turned out to be wrong 
it cannot have been legitimately inferred from the previous 
evidence. This, of course, is not the case ; an inductive 
argument is no more than probable, that is to say, 
relative to a certain body of evidence it is rational but 
not conclusive.. The fact that fresh evidence contradicts 
it does not imply that it was not rational to believe in it, 
lacking that evidence. There is a further modification 
of our claims for inductive generalization that might be 
made. 'We may consider as Keynes points out® a 
generalization to mean either “It is probable that all 
<f> are f”, or “ It is probable that any given ^ is f.” 
Certainly many, if not all, our generalizations are of 
the latter kind ; they are what Keynes calls Inductive 
Correlations, as opposed to Universal Inductions. A 
Universal Induction is proved false by one negative 
instance ; with an Inductive Correlation a negative 
instance will produce only a small change in the 
degree of probability attached to it, j 

But even if we moderate our claims for induction 
in this kind of way it does not really solve the problem. 
The logical problem of the validity of Inductive Corre- 
lations IS precisely similar in all essentials, but much 
more complicated than that of the validity of Universal 
Induction. The chief difference, as Keynes points out,® 
IS that the latter is concerned with the characteristics of 
individual propositions and the former with series or 
sets of propositions. This difference does not make the 
results of logical analysis any more satisfactory or place 
correlation in a stronger position. In fact it is better to 
consider the argument for the case of Universal Induction 

. ' See Keynes, ioc. iit p 267 - loc cit. p 259 ^ ioc. cil p 406 
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as being the type of the other, and possessing the advan- 
tage of simplicity. 

Some writers on Induction have used the Rule of 
Succession by which a very high degree of probability 
is assigned to general assertions about the next of a 
series of events or any one of a series, so giving apparent 
validity to Inductive Correlation ^ But Keynes “ argues, 
correctly I think, that the Rule of Succession is a fallacy. 
Certainly, although its results sound plausible when 
long senes of events are considered, they aie absurd 
when applied to events that ha\e only been obseix’ed 
once or twice or not at all. It suffers from the further 
drawback that the conclusion is inconsistent with the 
premises from which it is deduced. 

A probable belief, as Keynes says, may be reasonable 
because either (i) it is the best open to us under the 
circumstances, or (2) it is more probable than not. It 
is in sense (2) that we want to show that Inductions are 
probable, but it may be only in sense (i) that they are 
justified. That is to say we may be justified in believing 
in the truth of a natural law because ^vc can find no 
tolerable alternative, although we can never have any 
reason for thinking that it is more likely to be true 
than false or even that its probability has any finite 
value, however small. It is not difficult to justify our 
belief in natural laws in this sense, but it is rather a 
dismal conclusion. It seems to contradict, too, our 
common-sense belief that some inductions are more 
probable than others and that the best are infinitely 
probable, that is to say that their probability differs from 
certainty by less than any assignable amount. But, of 

1 Broad [Mind, N S , Vol 27, p 394) has made use of this rule, but it is 
not essential to his argument 

“ loc cit p 375 The formula states that if there are conditions which 
as far as we know may or may not produce an event, and under these con- 
ditions 11 has happened m limes and failed n limes, the probability of its 

happening when they next occur is ^ If the event has never failed 

’ m-(-n + a 

this reduces to HLti 
m-r2 
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course, it may simply be that this common-sense belief 
IS only the most reasonable open to us and it may not 
itself have any finite probability. 

Our ordinary prejudices make us want to get in 
certainty somewhere. We are prepared to give up the 
idea that inductions are certain, but we want certainty 
that they have a finite probability, or at least a finite 
probability that they have a finite probability. Once we 
have started like this we must go on. The prospect of 
an infinite regress of probables even if they are all finite 
is no better than that of an infinitesimal probability to 
begin with. The fact is of course that you cannot get 
certainty out of ignorance, but there is an immense 
temptation to try and do it. All the attempts to do 
It, are like the efforts of more or less competent conjurors 
to take rabbits out of top-hats. Sometimes we can see 
how It is done, sometimes we cannot. Even if we 
cannot,.we are not convinced the rabbit was there all the 
time. .Since man is acquainted with a finite number of 
things in an infinite and infinitely diversified universe 
what can he expect? His feet are compelled, as Santa- 
yana says, to move forwards, whilst his eyes see only 
backwards. He is always moving out of the warm 
circle of familiar things into the unknown and longs for 
certainty and prophetic insight where only reasonable 
conjecture is possible,' 

The most reasonable ground, on which a higher 
validity has been claimed for Induction, is a belief that 
in some discoverable respect the Universe is not infinite 
or not infinitely diversified ; a doctrine that will have to 
be examined later. Some thinkers, however, impressed 
with the difficulties of Induction, have thought there 
might be some short cut to knowledge by way of de- 
duction only, avoiding not only the uncertainty of 
Inductive methods, but all the toil of examining the 
facts. This illusion has died hard, if it is really dead. 
Quite apart from the fact that deductive reasoning by 
itself can only tell us about the relations of propositions 
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and not about things, there is another flaw in this 
argument. The supposed certainty and precision of 
deductive reasoning is illusory unless the functions and 
limitations of the process are kept in mind. The most 
that deduction can establish is that if certain axioms 
are true certain results follow, but whether the premises 
or the conclusions actually are true is an empirical 
generalization. Our faith in the validity of the process 
by which conclusions are obtained from premises 
depends upon their both being true as a matter of fact. 
If we have no empirical criterion but take the axioms 
simply as hypotheses, then we are dependent for our 
belief in the cogency of the reasoning on our inability 
to find a flaw in the argument, and are at the mercy of 
anybody cleverer than ourselves who can point one out. 
It is not unknown in the history of Mathematics for 
proofs that have long been accepted as correct to be 
shown to be fallacious after all. In the last resort we 
are always brought up against an empirical generaliza- 
tion of some sort. If we are to reason about or know 
anything we must be satisfied to accept as true what 
does not appear to be false < 

§ 16. Before discussing the validity of the process 
of induction any further it will be as well to give as 
briefly as possible the results of Keynes’ analysis of the 
matter.^' A. generalization, he says, is a statement that 
all of a certain definable class of propositions are true. 
If /(x) IS true for all values of jrfor which <p (pc) is true, 
that IS a generalization about and f and may be 
written g (<f>, f). An instance of the generalization will 
be <i> (a), J (a). If anything is true of a number of 
objects so that they satisfy the same propositional 
function there is said to be an analogy between them. 
The generalization g (^, f) asserts that one analogy ^ 
IS always accompanied by another f. The pontive 
analogy is the set of propositional functions which are 
satisfled by the objects m question. As the positive 

' loc ctl., chs XIX and XX 
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analogy measures the resemblances, the negative analogy 
measures the differences, and is the set of functions 
such that each is satisfied by at least one of the objects 
but IS not satisfied by at least one other. This may 
be called <S^. In addition to negative analogies proper 
which are true of one instance only there may be sub- 
.analogies which are true of a set of instances but not 
of all. There are, in addition, superfluous positive 
analogies <^i, in which all the instances resemble one 
another but which are not included in the generalization. 

Apart from the accumulation of evidence there will 
be some prior probability possessed by the generaliza- 
tion which will depend, among other things, upon the 
nature of <l> and f. The value of this can be increased 
principally : — 

(i) By reducing the resemblance <f>i, known to be 
common to all instances but ignored as unessential. 

(a) By increasing the difference ^ known to exist 
between instances. 

(3) By diminishing the sub-analogies known to be 
common to some instances and not known to be false 
of any. 

The increase can be obtained either by obtaining 
fresh instances or by re-examining those we already 
have. 

The value of mere increase in the number of 
instances, Keynes urges, is easily over-rated and is 
chiefly valuable in so far as the analogies are weak or 
unexam ined. An examination of the analogies, which 
IS the method of exact science is certain to increase the 
probability of the generalization. Increase in the 
number of instances may increase the probability, but 
does not do so of necessity. The tendency of fresh 
instances to increase the probability of the generalization 
depends upon the width of the field from which they 
are drawn and their variety. 
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Keynes shows that by mere accumulation of 
instances without examination of analogies (Pure 
Induction) the probability of a generalization may be 
increased so as to approach unity as a limit under 
certain conditions. In particular for the accumulation 
of instances to increase the probability of a generalization, 
the probability of the whole set of them in the absence 
of the generalization must be small compared to the 
prior probability of the generalization itself. So that 
unless the generalization has some finite probability the 
accumulation of favourable instances is no help. It 
must be understood, of course, that in saying a 
generalization has a finite probability it is not implied 
that a numerical value can be assigned, but that it can 
be defined as having a greater probability than some 
proposition to which a finite numerical probability can 
be assigned. 

The argument that the instances in order to support 
the generalization must have a low degree of probability 
on the assumption that generalization is false, is quite 
in accordance with common-sense belief. The point is 
well illustrated by Kirchhoff’s argument for identifying 
the dark lines in the Solar Spectrum with the absorption 
bands of terrestrial substances to whose position they 
very closely approximate. He argued that assuming a 
random distribution of dark lines in the solar spectrum 
the probability of such a close coincidence as was 
actually obtained with a large number of lines was 
excessively small The weak point of this particular 
argument is that a random distribution is not the sole 
alternative to the hypothesis of the identity of the causes 
of the two kinds of bands. The best that can be said is 
that no other alternative has been suggested. More- 
over, there are ■ so many cases of events, which are 
excessively improbable in relation to all human know- 
ledge, actually happening, that arguments from im- 
probability must be treated with caution. KirchhofFs 
whole argument really rests upon the assumption that 
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what goes on in the sun is likely to be the same, 
mutatis mutandis, as what goes on on the earth. 
Given this hypothesis the whole argument is quite 
reasonable, because this assumption gives the special 
hypothesis as to the absorption bands a fair probability 
a priori. 

This brings us back to the most important and 
difficult point in the whole question, that a hypothesis 
must have some probability prior to the observation of 
any instance that supports it. This prior probability 
must turn, not apparently upon matters of fact, but on 
some other generalization or upon the character of the 
analogy concerned. Jevon’s assumption that in the 
absence of evidence any hypothesis is as likely as not 
may be dismissed at once, as leading to contradictions. 
Before discussing the possible solutions of this question 
there is a minor point to be disposed of. 

It is sometimes suggested that a simple generaliza- 
tion has a greater prior probability than a complex 
one.^ The complexity of a generalization is measured 
by the number of logically independent propositions 
into which it can be analysed. There are very often 
obvious pragmatic reasons for preferring a simple to 
a complex hypothesis as the simple one is usually 
easier to deal with. If other things were equal, the 
pragmatic reasons would determine us to choose to 
use a simple generalization in preference to a complex 
one but that would not settle the logical question. The 
arguments of Broad* and the more complete analysis 
by Keynes® show that there is something but not much 
in the belief Broad argues simply that the probability 

' This has been put forward as an important methodological principle in 
a recent paper m the Philosophical Magazine (Vol. 42, p 369, 1921) by 
Drs D Wrinch and H Jeffreys It is combined with the curious doctrine 
that all laws of Physics can be expressed as differential equations , a doctrine 
that IS offensive to upholders of the Quantum Theory and suffers from an ev en 
more serious and obvious difficulty Differential equations can only be stated 
as inferences from generalizations that are not capable of being so stated 
themselves 

2 loc cit p 402 


^ loc cit 244 
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of a hypothesis relative to any given body of evidence 
is the product of the probabilities of its constituent 
propositions relative to the same evidence, which must 
all be less than unity. There is a probability that the 
product of a smaller number of proper fractions will be 
larger than the product of a larger number. Hence 
simple generalizations have a tendency to be more 
probable than complex ones. Keynes shows that as 
regards the consequences of a generalization an increase 
in complexity cannot make it more probable and may 
make it less probable, and on the other hand an increase 
in the complexity of the conditions cannot make it less 
probable and may make it more probable. That is to 
say an increase in the number of independent character- 
istics that are specified in order to determine what events 
are to be included as instances may increase and will 
not diminish 'the probability of the generalization about 
them. On the other hand an increase in the number 
of independent characteristics which an event included 
as an instance is inferred to have may dimmish and 
cannot increase the probability. Thus we are left with 
the watery conclusion that the more complex general- 
izations are not likely to be so probable as the less 
complex, but we have not proved anything. Moreover 
it does not follow that the very simplest generalization 
possible has any finite prior probability, which is the 
important point. 

§ 17. The favourite device for saving the face of 
Induction is the Principle of the Uniformity of Nature. 
I am not aware when the Principle was first introduced 
to an admiring world ; but, as it has a pleasantly 
Victorian flavour about it, I am inclined to conjecture 
that it made its debut at the Exhibition of 1851, when 
it was awarded a Silver Medal. Comic though the 
Principle may be in some aspects, it nevertheless needs 
to be discussed very seriously. The objections to it 
may be put quite briefly ; in the only meaning 
that can be assigned to it that is not palpably false, 
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It does not fulfil the function it is intended to. The 
argument in its favour is that when you have said 
all you can against it you are apparently compelled 
to acknowledge some assumption about the nature of 
the external world which comes to very nearly the same 
thing. 

If the Principle of Uniformity be taken to mean that 
the course of events in nature is uniform it is certainly 
false, as anybody can see for himself. That it is ever 
taken to be true is due to the fact that people seldom 
trouble to observe things for themselves, but are content 
with any second-hand theory that comes their way, and 
further that civilized beings are so accustomed to the 
uniformities produced by mechanical means that they 
imagine them to be natural. 

If the course of nature were uniform there would 
be no need of Science. Such regularities in events as 
are to be observed apart from the theories, instruments, 
and mechanical aids of science are precarious and 
few. The generalizations from them are of little scope 
and doubtful application ; they are liable to frequent 
exceptions. Nature does not wear her heart on her 
sleeve for daws to peck at. 

Consider the difficulty of teaching people to compre- 
hend the laws of nature as conceived by contemporary 
science ; the immense elaboration of apparatus and 
technical skill in using it that is required to demon- 
strate them by experiment. Teachers of science aie 
always bewailing the fact that the major portion of 
scientific theory has to be taught dogmatically and 
accepted on authority, and that only minor points can 
be observed and demonstrated by the pupil himself. 
It IS not at all an easy 'thing to demonstrate by experi- 
ment the Law of Conservation of Energy or of Mass, 
the Law of Constant Proportions, or the value of the 
Mechanical Equivalent of Heat or any important 
physical constant The unskilled experimenter who 
tries these things is not likely to finish with any 
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increased belief in the Principle of Uniformity or in 
anything else * 

We must dismiss the notion that the course of events 
in nature is uniform as a delusion ; but it does not 
follow that the Principle of Uniformity is therefore 
false or that nature is not orderly through and through. 
It only means that the order is not immediately apparent 
but has to be looked for. The Principle of Uniformity 
IS usually taken to mean just this, that if we look for 
order in nature in the correct way we shall find it. This 
is a very pious sentiment and may very well be true, 
but does it give us the least help in actually discover- 
ing laws or in establishing them as the correct ones? 
Nature might be orderly through and through, and 
the reign of law absolute, and yet the laws might be 
so complex and so difficult to discover that as far as 
human beings were concerned there might as well be 
complete chaos. As Russell has pointed out,” any 
collocation of entities in space and time would have some 
laws, in the sense that there would be a set of equations 
expressing their distribution and mutual relations ; but 
these laws might be of any degree of complexity or 
simplicity. The remarkable thing, therefore, about 
the existing world is not that there are laws but that 
they have been discovered and that they are compara- 
tively simple. “ But it is just this characteristic of 
simplicity in the laws of natuie hitherto discovered 
which it would be fallacious to generalize, for it is 
obvious that this simplicity has been a part cause of 
their discovery and can, therefore, give no ground for 
the supposition that the other undiscovered laws are 
equally simple.” The Principle of Uniformity there- 
fore needs to be modified so as to mean that there are 

1 It must be remembered that Astronomy was the first science to develop 
and the first to become exact, and this Tact has coloured all subsequent thought 
What plausibility the Principle of Uniformity has is due to the fact that among 
the heavenly bodies mere observation, without active interference in the course 
of events, reveals completely orderly behaviour 

* Mysticism and Logic, p loi 
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laws of nature which are simple and discoverable, 
but in this form is even more impotent as an aid to 
induction. 

§ i8. Broad has attempted a formal analysis of the 
Principle of Uniformity^ Stated as he states it in 
symbolic form it looks rather sheepish, but his treatment 
cannot be dismissed as mere caricature because it does 
seem to express quite correctly at least part of what Mill 
meant by it. His statement may be paraphrased in 
terms of classes, with some loss of generality, as follows : 
“ If a member of a class L is a member of M also, there 
is another class N, such that any member of L and M 
is a member of N ”. Or we may say : “ If a and b are 
members of class L, and a is an M, but b is not, then 
there are classes N and O of which a and b respectively 
are members and such that no member of N is a member 
of O ”. If these propositions are considered as applicable 
to any class they are false. There are people who are 
inhabitants of Bloomsbury and are .bald, but it does 
not follow that they have any other characters in 
common, except such as are implied by being an 
inhabitant of Bloomsbury or being bald, such for 
example as being human or wearing clothes. On the 
other hand there are classes of which we believe these 
propositions to be true and those are the type of class 
among which inductions are supposed to hold. But 
even if we admit the Principle to be true in the restricted 
sense, that there are classes among which these relations 
hold, the principle does not help us to find them or 
know that we have got them when we think we have 
found them. We may think we have got hold of classes 
L and M, but how are we to find class O or know when 
we have got it ? 

These propositions stated by Broad (I refuse to call 
them by the insulting nickname he attaches to them) 
make no explicit reference to the nature of the universe 
as a whole, and that is to their credit, but it is clear that 
1 Mtnd, N.S., Vol. XXIX, p li (1920). 
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their claim to be considered true must be derived from 
some theory as to the nature of the universe. 

Keynes gives rather a different interpretation of the 
Principle of Uniformity.^ He considers that it means 
that mere position in space and time is irrelevant to 
generalizations which have no reference in themselves 
to particular spatio-temporal positions , but elsewhere 
he mentions other principles which may quite properly 
be considered as included in the Principle of Uniformity 
as usually conceived The most important aspect of the 
doctrine of the irrelevancy of spatio-temporal position is 
the belief that the position of an event within or without 
the sphere of our present and past experience is irrele- 
vant to generalizations about it If we did not believe 
this, all inference to future events or to any events not 
actually experienced would involve an imperfect analogy 
simply because they were not experienced, whereas the 
events on which the generalization was based had been. 
This is quite definitely a theory about the nature of 
space and time and is moreover one that is open to 
criticism by ordinary methods of science. We are not 
compelled to start by making any assumptions as to the 
nature of those parts of space that are not experienced, 
but it is conceivable that examination of the properties 
of the limited region, within present and past experience 
might lead us to consider it illegitimate to make inferences 
as to the region outside or it might lead us to think it 
legitimate. I am not going to discuss the question of 
the truth of this theory, I am merely interested in 
pointing out what sort of theory it is. The principle of 
uniformity as ordinarily conceived is a metaphysical 
theory, it is a theory as to the nature of the Universe as 
a whole to be taken or rejected as it stands and only to 
a very limited extent open to criticism by scientific pro- 
cedure. Considered as an inference from the results of 
scientific investigation it is of such wide scope as to be 
obviously illegitimate, considered as an axiom pre- 

1 loc, at, p 2 z6 
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supposed in scientific investigation it is outside the 
possibility of criticism, again because its scope is too 
wide, not because such axioms are immune from all 
criticism. 

Keynes in his discussion of the validity of induction 
finds himself compelled to consider two further prin- 
ciples,^ that of the Limitation of Independent Variety 
and that of Atomic Uniformity ; principles also recog- 
nized by Broad in his discussion of the subject. The 
first is the theory that in certain respects Nature is not 
infinitely variable but is built up of a limited number of 
constituents about which we are as a matter of fact 
supposed to know something. The second is that 
many, if not all processes can be considered as com- 
pounded of small changes according to simple mathe- 
matical laws. “The system of the natural universe 
must consist, if this kind of assumption is warranted of 
bodies which we may term (without any implication as 
to their size being conveyed thereby) legal atoms, such 
that each of them exercises its own separate, in- 
dependent, and invariable effect, a change of the total 
state being compounded of a number of separate changes 
each of which is solely due to a separate portion of the 
preceding state. . . . Each atom can, according to this 
theory, be treated as a separate cause and does not enter 
into different organic combinations in each of which it 
IS regulated by different laws.” These theories even 
more obviously than the other are such as would be 
recognized by physicists as specific theories about those 
parts of the external world which are dealt with by their 
methods and they would be criticized by them exactly 
in the same way as any other theory. I am assuming 
a very liberal minded physicist and one who never 
swallows theories or assumptions whole and unexamined. 
Many of the more conservative kind would think Atomic 
Uniformity and the Limitation of Independent Variety 
too obvious to be worth thinking about. 

‘ loc, cti , ch XXII, and last section of ch XXI. 
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The conclusion we must come to, then, is that in- 
ductive processes cannot be defended on logical grounds 
only but material considerations must be brought in. 
We must appeal not to the nature of propositions but 
to the nature of the external world. The difficulty is to 
avoid making this appeal appear to be illegitimate and 
impotent. Mill appealed to the Principles of Uniformity 
and of Causation, and we criticize him because these 
material principles are too general and too vague to be 
useful or legitimate. They go beyond the proper 
bounds of scientific theorj' so that their standing is 
doubtful and they are not found to be of any help for 
the solution of any particular problem. The Principle 
of Causation, it may be mentioned in parenthesis, has 
not been referred to before because it introduces no fresh 
element of importance and has fallen into even greater 
disfavour than Uniformity. It has of late years been 
very severely handled by philosophical critics, par- 
ticularly by Russell, and scientific men have simply 
forgotten about it. 

What we must appeal to to justify inductive reason- 
ing is simply the general body of scientific theory. 
Keynes selects certain parts or aspects of the theory 
which seem specially relevant to his purpose, but treated 
apart from the rest of the theory of which they form 
part they are not specially plausible. By themselves 
there is no particular reason for thinking them tiue or 
false. When we confine our attention to a perfectly 
general and abstract statement of the process of induc- 
tion apart from the investigation of any special problem 
we are confined to an appeal to perfectly general and 
abstract principles to support it, and this we have seen 
leads to difficulties. The only legitimate appeal is to 
the nature of the special parts of the world that are 
being investigated. The general case always looks 
like attempting to get knowledge out of ignorance. 

With Mill we must explicitly reject any “principle 
which, antecedently to any verification by experience, 

G 
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we are compelled by the constitution of our thinking 
faculty to assume as true.” Mill’s healthy British scorn 
for any such foreign importations is an attitude I approve 
of, but It must be admitted that there are others less 
strong-minded. To these we must reply, that in a free 
country everybody is entitled to what metaphysical 
system he likes, provided he does not bother other 
people with it, and does not think that it has any logical 
connection with the assumptions or results of science. 
That is to say we must be able to justify our belief in 
the validity of scientific methods without assuming any 
system of metaphysics to be true or false. Any 
assumptions that are made for purposes of scientific 
investigation must be assumed as correct until they lead 
to contradictory results, then they must be corrected, 
but It IS all a technical matter that does not concern 
metaphysicians acting in their official capacity. If some 
or all of the results of science are due to the constitution 
of the human mind we must just put up with the 
consequences until some non-human mind can explain 
to us how things really are. 

There are two other valuable arguments we can get 
from Mill. No principle such as Uniformity, or any 
substitute for it, can validate induction in the sense of 
standing as a universal major premiss to an inductive 
syllogism. Inductive reasoning cannot be twisted into 
syllogistic form. Lastly, whatever theories are used to 
support an inductive argument must be themselves the 
results of induction, as we have seen all other possi- 
bilities are excluded. Mill admitted frankly that the 
Principle of Uniformity must be an inductive general- 
ization. He probably realized perfectly well that all 
the clever critics would seize on this as self contradictory, 
but of course such an attitude if maintained with due 
reservations is not necessarily self contradictory, as 
Keynes argues.^ That is to say if we can somehow 
find reasons a priori that give our fundamental 
1 let. cft, p 259. 
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hypothesis a finite probability and the evidence that 
accumulates increases the probability of the hypothesis 
above its original value we can in future treat it as 
possessing this enhanced valuf, and further we can treat 
our accumulated evidence as supporting our original 
a priori arguments. This is in accordance with ordinary 
scientific procedure. 

Our geneial knowledge of some particular region 
we wish to investigate gives us a small finite probability 
that some generalization is true so that we start off with 
a hypothesis C of probability C/H. We then obtain 
evidence, E, which is in favour of C so that C/HE has 
a much larger probability than C/H, but this result is 
always considered to increase the value of H that is to 
say H/CE>H/C. If on the other hand the evidence 
discredited C so that C/E = O this would be considered 
as to some extent discrediting H also. If C was implied 
by H then it would follow that if C was false H was false. 
But in such a case C is always considered as merely 
one of an indefinite number of alternatives of which 
only one can be true. That is to say (C^ or C, or C3 
. . . C„)/H = I and Ci/C2= O, C2/C3 = O, etc. Therefore 
to prove one or other of the alternatives false does not 
necessarily affect our estimate of the probability of H. 

We have now two different cases to consider, either 
the number of alternative generalizations Cj, Cj, etc., 
may be finite or it may be indefinitely large, by inde- 
finitely large, I mean not necessarily infinite but not 
known to be finite. In the first case we may by elim- 
inating one alternative after another leave a single one 
master of the field. This in itself does not prove this 
alternative, (C,.), to be true ; it does indeed show C,./H = i, 
but we have not assumed that H is certain only that 
it is probable. Therefore C,. still requires to be con- 
firmed by obtaining evidence in its favour. Clearly 
in this case any evidence in support of may support 
H also and does support it in so far as C, could 
not have been implied by any other assumption than 
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H. While any evidence against is equally evidence 
against H. 

This, the simplest possible case, does not often 
occur, it is best illustrated perhaps by the method of 
establishing the chemical formulae of an organic com- 
pound. In this case our prior assumptions H are the 
validity of the methods of chemical analysis and of 
determining molecular weights, the theory of the valency 
of Carbon, Hydrogen, Oxygen and any other elements 
concerned, the constitution of certain organic compounds 
as already established by similar methods as those to 
be used in the particular case in question, and possibly 
some other special theory such as the structure of 
Benzene or the theory of Stereoisomerism. Given ail 
this and assuming the empirical formula and molecular 
weight to have been determined experimentally, then 
if the compound is not too complex (a simple sugar, 
let us say) we can enumerate all the alternative possible 
constitutions it can have. The majority of these possi- 
bilities can be eliminated fairly easily as a rule, and 
if we are fortunate we shall be left with one possibility 
only. This is not considered in itself sufficient to 
establish the formula, for our assumptions are not 
certain and some of them may be false. Therefore 
positive evidence of the correctness of the result has to 
be obtained. The best is the synthesis of the compound. 
Every successful elucidation of the formula of an organic 
compound is taken as strengthening the probability of 
the fundamental assumptions. If there were a compound 
for which none of the alternative formulae were tenable 
this would gravely affect our estimate of the value 
of these assumptions. This instance, from organic 
chemistry, is not a perfect one because the evidence 
against any particular formula is not usually absolutely 
conclusive even if we make all the ordinary assump- 
tions. As a rule all that can be done is to show 
that some formula is highly probable and others highly 
improbable. 
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The other and more complicated case is where we 
do not know definitely how many alternative generaliza- 
tions are allowed by our original assumptions. Even 
if we assume the number of the alternatives to be infinite 
it does not follow that none of them will have a finite 
prior probability. They may form a convergent series 
such that the sum of their probabilities is unity and the 
first few members of the series have quite a large prob- 
ability. In any case even if we know the number of 
alternatives to be large it may not be infinite. The only 
difficulty IS in knowing whether the alternative we 
happen to have hit on has a finite probability and in 
comparing the probabilities of different alternatives if 
we have formulated more than one. We will assume, 
however, that this can be done. It is clear in this case 
that the elimination of alternative generalizations by 
obtaining evidence against them will not in itself greatly 
affect the estimate we make of the probability of the 
other alternatives, nor can it adversely affect our estimate 
of the probability of our prior assumptions (H). On the 
other hand the confirmation of any one alternative by an 
examination of the evidence will increase the probability 
of the assumption in the same way and to the same 
extent as in the previous case. 

What has just been said is intended to be a descrip- 
tion of actual procedure rather than a justification of it. 
Though the procedure seems perfectly reasonable if we 
consider any particular case. One point that appears 
to me to be evident from this discussion and that seems 
to be in accordance with the ordinary common-sense 
belief of men of science, but might be rather difficult to 
justify logically is that the probability of the prior as- 
sumptions, (H), IS more easily increased than diminished 
by the accumulation of evidence. Evidence in favour 
of any of the special theories supported by these assump- 
tions IS to some extent in their favour, while evidence 
against any one of the special theories does not necessarily 
go against them — evidence against Q, Cj, or C, is not 
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necessarily evidence against H, while evidence for any 
of these is on the whole in favour of H. This of course 
assumes that the evidence has no direct bearing on H 
in the absence of the theories Cj, Cj, etc., that are under 
consideration, as may very well be the case if the theories 
considered do not exhaust the possibilities. 

§ 19. Let us now consider the nature of the prior 
assumptions H which are necessary for any particular 
scientific investigation. The presuppositions involved 
in any scientific investigation consist of a set of general 
propositions about the subject-matter concerned. In 
the example given above of the establishment of the 
constitution of an organic compound the presuppositions 
involved are the ordinary current chemical theory about 
atoms and molecules and valency and a number of 
chemical and physical constants by means of which 
the actual experimental data can be worked up into 
the form required. All these things are for the purpose 
of the particular enquiry assumed to be true and provide 
what a priori probability we have for our generalizations. 
Now these assumptions are themselves generalizations, 
the results of previous investigations, and these in turn 
are based on earlier ones still. Therefore, for any 
given investigation we use as our prior assumptions 
a set of propositions H,„ these are derived from a 
previous set H„_i and these from H„_2 and so on. H„ 
has been derived from by means of certain experi- 

mental evidence E„_, as H„_, has been derived from 
with the help of We suppose that each 

forward step is made with a high degree of probability, 
and it IS to be hoped for the credit of scientific know- 
ledge that these probabilities are very nearly unity, 
for the probability of the last member of the series is 
the product of a series of probabilities. 

If our procedure is to be legitimate the series must 
have a first member H,, so that the whole history of any 
one department of science may be written Co/HoE^Hj, 
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assuming that we have no false starts to record but 
merely smooth progress. The vital point of the whole 
matter is the nature of our first assumption Hp and its 
probability because it is ex hypothesi not derived from 
any previous term in the way the others are derived 
.from it. 

In the first place we must be perfectly clear that Hp 
is not going to be the Principle of Uniformity or any- 
thing like It. It IS not even going to be the principles 
mentioned by Keynes, important though they are, for 
their place is really among the later terms of the series. 

In the second place we probably ought not to 
separate Hp and Ep but treat them as a unity. HpEp, 
if we take them together, stands for a large collection 
of propositions of very small generality. It may be 
taken to stand for a vague and primitive apprehension 
of the whole of that region of the external world with 
which we are concerned. That is to say the total 
grounds for the conclusions of scientific investigation 
IS to be found in the character of the objects of primitive 
sense experience and of all that can be rationally con- 
structed from It. Each paiticular region of investigation 
has Its own region of experience to explore and the 
validity of its methods and results is only slightly 
affected by what is found in other regions. In order 
to justify any special conclusions we need not necessarily 
appeal to the whole of experience but only to the relevant 
part of experience. The character of the whole of nature 
need not be introduced, but only the character of special 
parts. 

There is, it must be admitted, a very considerable 
amount of interdigitation of investigation that becomes 
more marked as knowledge increases ; so that this 
separation of ‘ regions ’ is not by any means complete. 
In the early stages of scientific discovery the exploration 
of different regions goes on more or less independently 
and it is from this early state of affairs that the traditional 
classification of sciences arises. At the present day the 
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boundaries are very much broken down and the old 
distinctions have become merely conventional and often 
inconvenient. 

§ 20. I have supposed that what is assumed a priori 
in an investigation (H) is such as to give a finite though 
probably small probability to the generalization (C) it 
IS desired to establish by experiment and observation 
(E). That these prior assumptions (H) are needed will 
be granted, by this time, I hope ; that experimental 
evidence (E) is necessary goes without saying ; the 
question that may be disputed is exactly when and how 
the generalization (C) comes in. It may be urged that 
such a generalization, even as a surmise, is not required 
at the beginning of an investigation, the object of which 
is not to plead a case but to discover the facts. In the 
second place there is the problem of the logical relations 
between H and C. 

It is an attractive notion that in an investigation we 
should start with no presuppositions about the state of 
things to be discovered but with perfectly open minds 
and a single eye to the facts. There is a fine Baconian 
smack about it. One thinks of Darwin examining the 
facts for fifteen years (or whatever the period was) 
before framing his hypothesis. In fact it is all in 
the sound English tradition. Nobody can have more 
respect for the English tradition than I have, so that it 
must not be thought that I have bowed the knee to any 
continental Baal when I say that this is all nonsense. 
Darwin must have had some sort of hypothesis or he 
would not have known' what facts to examine. There 
were millions of facts and he could not attend to them 
all. To have an open mind is not the same thing as 
to have a vacant mind. The vacant mind is like the 
bottomless pit ; no amount of facts will ever fill it. 
What is absolutely necessary is that the investigator 
should not allow any hypothesis to give him a bias 
against the facts. Apart from this the more hypotheses 
he has the better. I expect Darwin in his account of 
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his work was thinking of Newton’s little joke, “ Hypo- 
theses non fingo.” 

Now we have cleared this fallacy out of the way we 
can get on. Suppose we have some simple physical 
constant to determine, the boiling point of an unknown 
liquid. To begin with we do not know whether the 
liquid IS a mixture or a simple substance, whether it 
will boil unchanged or will decompose. However, we 
must have some idea about it or we shall not know how 
to set about the experiment. If the material is liquid 
at ordinary temperatures we know it is not likely to boil 
below 25° C. or above 350° C. We assume, therefore, 
we can distil it in ordinary apparatus and use an 
ordinary mercury thermometer. Possibly a chemical 
examination of the material has provided some informa- 
tion as to where between these limits the boiling point 
lies. There is the possibility that the liquid will de- 
compose with heat, so that it will be necessary to see if 
the distillate has substantially the same properties as 
the original liquid. Lastly the liquid may be a pure 
substance or a constant boiling mixture, in which case 
it will all boil over at one temperature, or it may be a 
single substance (or constant boiling mixture) contain- 
ing appreciable amounts of impurities, in which case 
though most of it will boil over at one temperature there 
will be an appreciable range of temperature between the 
beginning and end of the distillation, or it may be a 
mixture, in which case it will boil over a fairly wide 
range of temperature. Now, although we do not know 
what the boiling point of the substance is, our general 
information about liquids and their boiling points enables 
us to make a list of alternative possibilities as to what 
the result will be. These alternatives are, to all intents, 
exhaustive and their logical sum has a very high degree 
of probability. Our procedure so far would only be 
illegitimate if we allowed previous assumptions to blind 
us to any of the facts as they came to be observed. It 
is to be noted that we must have some preliminary 
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assumption as to whereabouts the boiling point will be 
simply in order to enable us to choose a thermometer, 
but our assumption is very vague at first. If we want 
to be on the safe side we will start by using a thermo- 
meter reading up to 350° C. for a first rough observation 
and then will be able to choose a more accurate one 
with a narrower range for our final experiments. 

In this example there is no difficulty in seeing what 
generalizations can be made prior to the experiment 
and they are relatively definite and are exhaustive. In 
very many cases the prior generalizations cannot be 
known to be exhaustive (except in so far as any pro- 
position and its contradictory is exhaustive) and they 
may at first be extremely vague, so vague that it is verj' 
difficult even for the investigator himself to know they 
are there or say what they are. As observation pro- 
gresses they will gradually become more precise and 
more explicit. 

The vital, if not the only, difference between the 
successful and unsuccessful investigator lies in the 
capacity to frame the appropriate generalizations that 
are presupposed in any research. Probably it is more 
a matter of instinct than of argument. The generaliza- 
tion that IS needed may be one that only has a very 
minute degree of probability a prion as far as any 
logical analysis can show. One may try to avoid the 
difficulty by saying that it is found by analogy, but 
that does not really mean anything. Analogy comes 
in undoubtedly, but in this process analogy is a very 
slippery guide There will be a thousand false analogies 
for one correct one and no obvious means of choosing 
among them 

§ 21. As has been pointed out by Keynes and others, 
the mere multiplication of instances does not always 
lead to an induction having any very large probability, 
whereas very often we have very great confidence in a 
generalization depending upon a few instances only. 
The difference between the two cases lies in the analogy. 
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If the analogy is weak or unexamined our only method 
is by repetition of instances and even that does not do 
very much. If the analogy is strong a few instances 
suffice. The results of Keynes’ analysis of analogy 
have already been mentioned. The analogy between 
two instances may be improved, to put the matter briefly, 
by diminishing the accidental or irrelevant resemblances 
and increasing the differences The more nearly vague 
likeness can be reduced to identity in one respect and 
difference in all others, the more precise or perfect is the 
analogy and the stronger the induction founded upon 
It. There is an incurable vagueness in the character 
of the objects of every day life which makes analogies 
between them a precarious basis for generalization.^ 
But there is a special device for getting over this diffi- 
culty, and that is measurement. By means of measure- 
ment we confine our analogy very strictly to one character 
only and render it as precise as is possible. As the 
result of measurements, numerical laws such as form 
the foundation of Physics can be established. These 
laws are recognized to have the highest degree of prob- 
ability of any known to us and are capable of being based 
upon a very small number of observations, provided 
they are properly carried out. Without measurement 
we are confined to the use of the rather nebulous notions 
of cause and effect. By means of measurement and 
numerical laws we can develop the ideas of functional 
relations which are eminently suited to mathematical 
treatment. The next subject to discuss then is that 
of measurement. 

^ There is a valuable discussion of vagueness and its opposites in Russell's 
Anafysts of Mind, pp. 180 and 255, 
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Measurement 

§ 22. The given whole that is presented in experience 
can be analysed into elements that are similar and others 
that are diverse. For the present it does not matter 
“what” it is that is similar or diverse, it is sufficient 
to assume that it is something that is experienced. 
When a clock strikes, the individual strokes are similar 
in so far as they are the same sound, and diverse in so far 
as each is later than the last. When the clock chimes the 
quarters the sounds are similar in so far as they are all 
sounds and not colours or tastes, but different in so far 
as their pitch is different. It is sometimes argued that 
we only perceive things to be similar or like one another 
and never identical, for they always differ in some re- 
spect. This contention is false in one respect, because 
if we only can carry our analysis far enough things 
that appear as only vaguely like can be resolved into 
elements that are different and elements that are exactly 
identical. It is purely a question of how far we carry 
out the analysis. But as in practice the extent to which 
it is possible or convenient to carry out the analysis is 
limited, we are as a rule content with something short 
of absolute identity. When, therefore, we speak of 
identity, as a rule we do not mean to say that the two 
things referred to are absolutely identical, but that they 
are like each other in certain respects which are im- 
portant for our particular purpose and that the respects 
in which they differ are slight or irrelevant. If I say 
that one orange is identical with another I only mean 
that they are like each other in certain important re- 
spects and that the particular kind of likeness involved 
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is not analysed any further. When I say that an orange 
IS one, I do not mean that it is impossible to cut it into 
two, but that for certain purposes I can treat it as one. 
The fact that for certain other purposes I may treat it as 
a complex of parts, and so as many, is not relevant. 

It does, however, seem to be a fact that diversity is 
immediately apprehended and identity is only found on 
reflection and analysis, starting from vaguely appre- 
hended likeness. Certainly our judgments of diversity 
are usually made with far greater confidence than those 
of identity. In the process of matching colours, as in 
the Wool Test for colour blindness, one is certain that 
some colours are different, but inclined to be dubious as 
to any two being identical. It is always assumed that 
there might be some difference if only it could be 
observed. If two musical notes, say a quarter tone 
apart, are indistinguishable to my ear, I have no 
difficulty in believing that they really are different, if 
anybody asserts that he can distinguish them. But no 
amount of argument or of assertion of identity by other 
people could persuade me that two notes I distinguished 
were really the same. From the theory of sound it is 
inferred that notes indistinguishable by any other means 
can be distinguished by the method of beats, and I 
am quite ready to believe the theory and consider that 
any two notes that give beats are different even if they 
sound alike. But if the theory implied that notes I 
could distinguish were alike, I should conclude the 
theory was false. This matter has been mentioned 
already, but it is important enough to bear repetition. 

The assertion of identity is, therefore, always liable 
to contradiction. It is always at the mercy of anybody 
who can devise some means of increasing the powers of 
discrimination we possess. But as judgments of identity 
are in general more valuable and interesting than those 
of diversity, it is important to find a way out of this 
difficulty. The method is to treat things known to 
differ to a small extent as though they were identical. 
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The device is used unconsciously at the level of common- 
sense and because unrecognized is liable to lead to 
grave error. In its scientific use it is used explicitly 
and the danger of error should be nil. Whether the 
process is legitimate or not depends solely on the way 
it is used, and the particular end in view. There is no 
general a prion method of deciding when differences 
can be neglected and when they must be taken into 
account. Each case must be treated as a separate 
problem and a decision made ad hoc. As long as no 
error is observed to result the procedure is legitimate, 
that IS to say as long as no important proposition turns 
out to have been asserted falsely as the result of what is 
diverse being treated as identical. It is necessary to 
emphasize the word “important” here so as to show 
that purely practical and non-logical considerations 
come in. The question must be decided in terms of 
the particular end in view in making the argument. 

If it be argued that the end in view is simply the 
attainment of the truth and nothing more or less ; the 
correct reply is that if it was just the truth and the whole 
truth we were after it would be impossible to neglect 
anything because that involves falsification. What we 
are really after is some particular part of the truth about 
some particular thing for some particular purpose (the 
purpose will usually, of course, be to learn as much 
with as little trouble as possible). Perhaps a little 
parable will help to elucidate the argument. 

“Once long ago (the precise date escapes my 
memory) a new Librarian was appointed to a certain 
Library. One morning it occurred to him to examine the 
catalogue. After some study he turned to an assistant 
who chanced to be present, and said “ I do not think 
I like this book very much. It is a fallacious and, in 
a sense, inaccurate document, and what information it 
contains is trivial. I see nothing said about any book 
except the author’s name, the title, the size of the book, 
and trifles of that sort. Everything mentioned in here 
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is to be found in the book itself, and much more beside 
that is of greater interest. What is put down is correct 
enough, I suppose, as far as it goes ; but to my mind 
‘suppressio veri ’ is just as misleading as ‘ suggestio 
falsi ’ ; worse, in fact, because the deception is subtler. 
Suppose now, we abolished the catalogue — ” “ Oh, 

sir”, interrupted the assistant, "the catalogue is in- 
dispensable — it gives the class-marks of the books.” 
" So I have observed ” replied the Librarian with scorn ; 
“and they likewise are to be found on the books.” 
“ But how ”, wailed the assistant, " but how are readers 
to find the books?” " As they do now”, the Librarian 
said, fixing the assistant with a look, as of the stony 
basilisk, " by looking on the shelves I ” The assistant 
fainted. The Librarian, who was really quite a kindly 
man, had him taken out into the fresh air where he 
slowly recovered. In the meanwhile the catalogue was 
burnt. All these events occurred a long time ago, as 
I have mentioned.” 

The facts of the external world stand to our scientific 
knowledge, or to our commonsense knowledge (there 
is no difference in principle between them) much in the 
same relation as a library of books stand to the catalogue. 
The catalogue does not tell you much about the books 
but it tells you certain things you particularly want to 
know, and the fact that the information goes no further 
does not matter. In the same way our systematized 
knowledge of the external world misses out a great deal 
that IS really there, but it tells us certain things 
we particularly want to know. If we really tried to 
ascertain the whole truth about nature we should never 
acquire any knowledge at all, because there is much 
too much to grasp all at once Therefore it is that we 
start by neglecting the things we are not immediately 
concerned with. In any particular investigation we 
have a perfectly limited end in view, and we endeavour 
to ascertain just as much as is necessary about the facts 
involved and no more. The same facts when examined 
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for a different purpose may require to be treated quite 
differently, but that does not make any difference. It 
is really just as bad technique to make a measurement 
more accurately than is necessary as it is to make it not 
accurately enough. The good mechanic knows what 
parts of the machine can be gauged by eye and what 
parts have to fit to a thousandth of an inch. 

To return to the immediate question of diversity and 
identity. If the question we asked as to whether any 
particular diversity is negligible or one that requires to 
be taken into account, the answer must be that it 
depends upon what the enquirer wants to know. There 
are no general methodological rules, and each case must 
be judged on its own merits, just as in matters of moral 
conduct. The particular type of cases where the 
calculus of errors can be applied I shall have to discuss 
later, but these are only one class, and even in these 
cases considerations of the other sort must be used 
before any mathematical rules can be applied. 

It might be suggested that by insisting on the 
necessity of the use of considerations that are non- 
logical and of the importance of the end in view in 
investigation I am guilty of a breach of “Ethical 
Neutrality ” or at least, to mix the metaphor slightly, 
am pushing in the thin end of the wedge. The 
principle advocated by Russell as Ethical Neutrality 
simply means that we have no business to say a pro- 
position IS true (or false) because \vc think it would be 
nice for it to be true (or false), without any further 
examination. It has, indeed, frequently happened that 
scientific investigators have done this, that they have 
overlooked differences they did not want to see, or, 
in vulgar parlance, have cooked their results. But I 
have no wish to defend this practice, and it is one which 
leads to disaster in the long run. It is just because no 
universal rule can be laid down that opportunities for 
cooking occur. It is always recognized that an investi- 
gator IS not compelled to give equal weight to all his 
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observations, but has a right to select those he considers 
best. If he does his selection properly he remains 
perfectly neutral ethically. Unfortunately the selection 
must be to a large extent instinctive. It is the investi- 
gator who has the right instinct who makes the epoch- 
making discoveries and the one who has not got it who 
cooks his results and fails to make the discoveries. 
And It is important that wherever rules, such as those 
provided by the Theory of Probability, can be applied, 
they should be applied. 

Another objection that may be raised is that the 
Law of Parcimony or Occam’s Razor is an infallible 
rule that is applicable to all these cases, and one that 
has a general philosophical sanction. Occam’s Razor, 
however, cannot, so far as I can see, be considered as 
a law of nature. Some of the older physicists used to 
consider it as axiomatic that “ Nature is always simple ”. 
Unfortunately the evidence is all the other way, that 
Nature is very complicated. In fact, Fresnel seems 
much nearer the mark in saying “ La Nature ne se 
soucie pas des difficultes analytiques.” Really, nobody 
has any means of judging one way or another. It is 
safest to say that all propositions about the whole of 
nature are false.^ Occam’s Razor, then, must be taken 
as being at most a methodological rule and not as a law 
having any special philosophical prestige. Considered 
as such, even, it is rather an unhandy instrument and 
reminiscent of the kind of razor that cuts more off your 
chin than just your beard. In its most frequently quoted 
form It asserts that entities are not to be multiplied more 
than IS necessary. But, first, what is an entity ; and, 
second, “ necessary ” for what? A better way of stating 
it seems to be “ Frustra fit per plura, quod potest jiert per 
pauctora." This I take as implying that it is a waste of 

’ I need hardly point out that this statement does not involve a vicious 
circle What I mean to say is that the assertion of the falsity of all proposi- 
tions of the nth order about the whole of nature is a proposition of the n-t- ith 
order and is true 
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effort to carry out analysis further than is necessary to 
give the required result. This is what has been stated 
already. But if we are going to treat this rule as one 
of general validity is it not necessary to be in possession 
of a second weapon to cut the other way? That is to 
say analysis must be carried far enough Perhaps 
William of Occam also said Falso fit per pauciota, quod 
faciendum est per plur a." ^ These two rules apart from 
providing convenient labels do not take us any further 
than was suggested already. 

It IS perhaps worth pointing out that the application 
of any rule such as Occam’s Razor to this particular 
problem, the analysis of experience, is not necessarily 
connected in fact or in logic with the applicability of 
a similar rule framed in equivalent words to other 
problems, e.g. the value of hypotheses In any case 
the rule is not a law of logic, but in the proper sense 
of the words a law of thought. That is to say, it 
professes to be a maxim for correct or at least successful 
reasoning on certain problems, but can be neglected 
without contradiction if desired and does not by itself 
provide any guarantee as to the correctness of the con- 
clusions. The value of rules of this sort is purely 
relative, relative to particular minds investigating par- 
ticular problems. An omniscient Being would not 
require any rule of this sort, though presumably the 
laws of logic would be necessary if he was interested 
in the same aspects of the world that interest us. 

Some further light on the character of perceptual 
judgments may be got by considering a particular case 
in detail. A good example, suggested by Jevons, is as 
follows : If I find that the middle C of the organ at 
York Minster is in unison with a particular tuning-fork 
and subsequently that the middle C of the Westminster 
Abbey organ is also in unison with it, I then infer that 

' At any rate Kant said " Entium varietatcs non tcmere sunt mwuenda", 
as pointed out by Professor Laird {A Study in Rtahsm, p 124) This saying 
provides very nearly the maxim required. 
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the two organs are tuned in unison. We may subdivide 
the assertions involved. 

(1) The pitch of the tuning-fork is observed to be 
the same as that of a particular organ pipe at York 
Minster (the middle C) at some particular time. 

(2) A corresponding observation is made at West- 
minster at some other time. 

(3) The pitch of the tuning-fork used is constant, 
t.e. IS not altered appreciably by the particular time 
and place of observation. 

(4) Therefore it is concluded that the middle C’s at 
York and Westminster are the same. 

(5) Etc., given (4) the organs as a whole are inferred 
to be in unison, as the result of a series of observations 
on the various pipes of each organ. 

Confining our attention to propositions (i) to (4) 
It IS seen that (1) and (^2) are both particular perceptual 
judgments, while (3) and (4) are of an entirely different 
and more complex type. As regards (il and (2), it 
IS perfectly obvious in the first place that the sound 
of the tuning-fork is different in many respects to that 
of the organ. It is only by analysis of the total 
experience that it is possible to pick out certain definite 
elements, intensity, pitch, timbre and so on, and to 
single out the pitch and decide that in that particular 
respect the sound of the tuning-fork is indistinguishable 
from that of the organ. The first time an analysis of 
experience of this sort is attempted it seems to be 
very difficult. The two things experienced are felt 
vaguely to be different and the abstraction of the element 
of identity is very hard. But once it has been done 
It becomes easier by practice until finally the identical 
element is attended to to the exclusion of everything 
else, and we wonder how ever it was possible to avoid 
noticing It. 

In the case of the pitch of a note it has to be 
remembered that different observers have very different 
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faculties of discrimination When, therefore, I say 
that the pitch of two notes is identical, all I mean is 
that I can distinguish no difference and hence that 
they differ by less than a certain amount, which can be 
assigned if necessary Here again it is worth noticing 
that the fineness of discrimination of any individual 
can be increased by practice, but it is never legitimate 
to say that two notes are exactly alike. 

These propositions about the pitch of the tuning-fork 
and the organ pipe are asserted as perceptual judgments 
and are quite private to the individual asserting them. 
On the other hand they are perfectly certain and free 
from doubt, granted that analysis of experience of this 
sort is a legitimate process. 

Proposition (3) is more difficult to deal with, (i) 
and (2) may be considered to mean approximately the 
same thing for anybody asserting them, but this is not 
the case with the assertion that the note of a tuning-fork 
is constant. If the assertion is made by a physicist it 
IS probably a deduction from the theory of sound and 
certain mechanical theories he believes in, and may be 
made quite independently of any particular experience 
of his own with regard to the actual tuning-fork in 
question. On the other hand the assertion may be of 
the nature of a straightforward empirical generalization. 
In the simplest possible case it will imply that the 
tuning-fork in question has been observed over a con- 
siderable period of time and under varying conditions 
and Its note has always been found to be the same. 
This does not really mean that the note of the tuning- 
fork always sounds the same, because that proposition 
is false. What it means is that any changes in the note 
it gives are treated as apparent only and not as real 
changes. The tuning-fork sounds differently according 
as the hearer is tired or rested, drunk or sober, but these 
differences are attributed to his tiredness or otherwise 
and his drunkenness or sobriety. It will usually be 
said that the sound seems the same whenever it is heard 
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by anybody who is m a normal condition. Except for 
the ambiguity underlying the word ‘ normal ’ this is a 
fairly satisfactory statement, but it is difficult to see 
what its justification is. If we make any distinction of 
this sort between differences that are apparent only and 
due to the percipient and differences that are real, it is 
clear that some general theory as to the nature of the 
external world is implied, and in particular some view 
as to the causes of our perceptions. It would make an 
intolerably long digression to discuss this matter at all 
fully and in any case I am not at all sure that I could 
make it clear. The matter may be dismissed more or 
less summarily by saying that the distinction is drawn 
partly on empirical grounds and partly as a matter of 
methodological convenience. We find by experience 
what sort of changes the percipient as such undergoes 
and what sort of changes the objects as such undergo. 
On methodological grounds we never attribute changes 
to any object wantonly, but only so far as we are com- 
pelled to in order to avoid contradiction. For reasons 
that are not very clear a process of change is ipso facto 
considered as presenting a problem, the permanence 
of anything unchanged is not; consequently we avoid 
postulating changes as thereby we should only increase 
the number of problems. 

To take the case of the tuning-fork, besides emitting 
a characteristic noise when struck it has also a certain 
size, shape, colour, weight, hardness and so on. There 
is a considerable constancy of all its characters that are 
considered important and we are loth to believe that 
its note changes unless the evidence for the change is 
extremely cogent. Our mere recollection of sounds we 
know by past experience is not a sure guide as to 
sameness or otherwise, it is in fact very fallible. We 
may, therefore, assume at least provisionally that the 
note of the tuning-fork is constant ; further experience 
will show if we are right or wrong, and in the mean- 
while this IS the simplest assumption to make. 



MEASUREMENT 


119 

The argument about the tuning-fork may be con- 
cluded briefly by saying that propositions (i) and (2) 
are perceptual judgments of identity, proposition (3) is 
an assertion that the tuning-fork is taken as a physical 
standard. From (i), (2) and (3) then we can legiti- 
mately infer (4) that the two middle C pipes on the 
organs are the same. From this by additional argu- 
ments all of the same type and which there is no need 
to discuss we conclude that the two organs are in unison 
generally. 

This example provides a very typical case of the 
devices whereby if two things are difficult to correlate 
some third thing is introduced with which each in turn 
can be correlated. No one would attempt to correlate 
the organs at York and Westminster by listening to 
the one and then catching the express at King’s Cross 
and going and listening to the other. The tuning-fork 
IS introduced as a standard with which either can be 
compared at will. There is no a priori guarantee that 
the standard we choose shall be really constant. We 
never wantonly assume that a standard must be constant, 
but on the other hand we never wantonly assume that 
It will vary ; it is only when discrepancies in our judg- 
ments definitely lead us to look for variations that we 
think about them. The problem of what to do when a 
standard is found to vary is not merely academic but 
one of great practical importance; for in this imperfect 
world invariable standards are not easy to find. One 
method adopted is to correct the changes in the variable 
standard by means of something assumed not to vary. 
For instance, the standard of time, the period of the 
Earth’s rotation, is corrected on the assumption that the 
Newtonian laws of mechanics hold exactly. In most 
cases, however, it is possible to correlate the changes in 
the standard with some other observed change and to 
make the correction in this way ; for instance changes 
in standards of length are correlated with temperature 
changes and so corrected for. It must be noted that 
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provided the corrections can be made with the required 
degree of accuracy there is no theoretical objection to 
using a variable standard which needs correction. In 
physics correction does not have any ethical significance, 
as It has in the case of small boys. 

An interesting point that arises out of the fallibility 
of the senses and particularly of sensory memory is that 
endeavours are always made to simplify the actual 
perceptual acts in observation as far as possible. To 
this end the most elaborate mechanical devices are 
introduced. Observations are reduced m the highly 
developed sciences to such acts as judging spatial con- 
tiguity, betweenness or coincidence or the threshold of 
recognizable diversity of colours, sounds, etc. In the 
less developed sciences where observations are neces- 
sarily more complex they are recognized as being much 
less certain and precise. 

§ 23. For the process of measurement something in 
addition is needed besides an act of comparison, such 
as is described in the previous section. The com- 
parison results in a judgment of identity or diversity, 
but we want to be able to make a further judgment 
by which a numerical value is assigned to the object 
which IS being measured. The purpose of this is well 
expressed by Dr Nunn,^ who says “Since primary facts 
present themselves for the most part in series, the most 
useful method of determining the objective consists in 
correlating the terms of these series with the number 
series — the property of this series being that single 
members of it can be substituted for combinations of 
other members in accordance with definite laws easily 
applied,” i.e., the laws of arithmetic. That is the pur- 
pose of measurement, but the nature of the process 
requires further analysis. The houses in a street form 
a series and we assign numbers to them , yet we do not 
call this measurement, because the properties of their 
numbers give us no information about the properties of 
* Aims and Achievements of Scientific Method, f 143 
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the houses. What we know of Nos. 2 and 3 does not 
tell us anything about Nos. 5 and 6, although 2 + 3 = 5 
and 2 X 3=6. If the houses had been designated by the 
series of square numbers, the letters of the alphabet, or 
the names of the Kings of Israel in chronological order, 
it would have done just as well. In this process of 
numbering, numerals are assigned simply because they 
have a serial order which can symbolize the order of 
the houses, not because they are a series having special 
logical properties. Hence it is necessary to distinguish 
a process like numbering houses in a street which 
involves only the ordinal properties of numbers from 
measurement proper. 

Measurement must also be distinguished from count- 
ing. Counting IS a necessary part of measurement but is 
not Itself measurement. Briefly, in counting we assign 
cardinal numbers to groups of things, in measurement 
we assign a ratio to represent some property of a thing. 
The numbers we write down to stand for the results of 
measurement are always ratios not cardinal numbers. 
When we say that a thing weighs two pounds we mean 
that the ratio of its weight to the pound weight is two. 
When we say a man has two legs we are making a 
different type of assertion, namely one about a cardinal 
number. This is seen fiom the fact that we do not 
mention a unit, and that we aie confined to one definite 
number. As long as we are talking of legs any man 
has two of them and nothing except cutting one off can 
alter that. The senes of cardinal numbers is discon- 
tinuous and each corresponds uniquely to one set of 
aggregates of things and no other, i e all the things that 
have that number Thus the number two is simply all 
the pairs in the world, including men’s legs. But 
when we are stating the weight of a thing, according 
to the unit of weight chosen, we can make any numeral 
stand for its weight. If it is pounds we are using, its 
weight will be one thing, if grams, another. 

Further, the laws of addition of measured values are 
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those of addition of ratios not of numbers. That is to 

say if - and are two measured values - 

a b a b ab 

As a matter of convenience we always choose our units 
so that a = b = \ and the expression simplifies to j + 

— When we speak of addition in connection with 

measurement we always mean some physical manipula- 
tion of things which in respect of the particular property 
considered is equivalent to the addition of the numerical 
values. For instance, if we want to add two lengths 
together we do not lay two rods of the required length 
alongside each other but end to end, in a straight line. 
The character of the manipulation depends on the 
property to be measured and the laws holding among 
the bodies manipulated. If I have a gas of a given 
density I can add two portions of it to give a gas of 
twice the density, by compressing it to half its volume. 
But I cannot do this with a liquid. This is not because 
of anything inherent in the property of density, but 
simply because I have no means of applying sufficient 
pressure to a liquid to carry out the manipulation. It 
so happens that density is a specific property of liquids 
and IS only variable within very narrow limits, while 
It is not a specific property of gases (in the sense of being 
almost independent of pressure and temperature) and is 
variable within extremely wide limits. However, even 
in the case of liquids I can ideally describe an experi- 
ment which would enable me to add densities even 
though I cannot actually do it. The fact that I know 
how to set about varying the density of a body in 
numerical ratios shows that it is a measurable property. 
There are properties which cannot be varied in that way 
either actually or ideally and these are not measurable 
in any proper sense, although numerical values may be 

> We conld, if we wanted, make all onr calculations in terms of the 
reciprocals, 
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assigned in virtue of a process of comparison. The 
property of hardness is not additive and is not measur- 
able. What is called measurement of hardness consists 
in setting up a series of standard bodies and arbitrarily 
assigning numbers to them, as to the houses in a street, 
and then seeing which of them scratch or are scratched 
by the body whose hardness we have to “measure". 
But the number obtained by this process and made to 
represent hardness is entirely arbitrary and is not really 
a measure of hardness at all. We do not know enough 
about the laws governing the hardness of bodies to 
manipulate them (even ideally) so as to add or subtract 
hardness, as we can densities. 

The distinction then between measurement proper, 
such as that of lengths, weights, densities and so on, and 
quasi-measurements such as that of hardness lies in just 
this, that in the former case we know enough about the 
laws of the properties to manipulate bodies so as to add 
or subtract the property in question. Sometimes the 
manipulation is difficult or it may even be impossible. 
But in the latter case we at least know how it ought to 
be done even if we cannot do it. On the other hand 
where we know nothing of the laws of addition of the 
property we have to be content with quasi-measurement. 
In the case of quasi-measurements there are degrees of 
approximation to true measurement according to the 
extent of our success in manipulation. In the case of 
hardness we have practically no power of manipulation 
(and the ordinary scale docs not even always give 
consistent results). The measurement of temperature, 
before the thermo-dynamic scale was devised, is an 
example of a more satisfactory but still not perfect 
approach to measurement. It approached measurement 
because we can vary the temperatures of bodies in a 
regular way, but was imperfect because the definition of 
equal increments of heat was arbitrary, depending on 
the properties of an arbitrarily chosen thermometric 
substance, mercury. Thermo-dynamic theory enabled 
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the arbitrary element to be removed and made tem- 
perature quite strictly measurable. 

As measurement must be distinguished from quasi- 
measurement on the one hand, it must be distinguished 
from the process of counting on the other, as has been 
mentioned. All material bodies as far as they can be 
discriminated as distinct in space and time and occupy 
any appreciable extent of space and time are numerable, 
provided they can be identified and recognized. We 
can count the drops of water poured into a glass if the 
water goes in drop by drop, but once in the glass we 
cannot count them because we cannot recognize them. 
One further point is that things that are numerable 
must have some qualitative resemblance. If we say of 
any things that they are two, we must be able to answer 
the question “Two what?” That is to say whatever 
things are numerable must be spatially or temporally 
discrete but qualitatively similar in some respect. It is 
this that makes counting the basis of measurement. 

Of course there are numerable things that have no 
spatio-temporal relations. We can say that colours 
have three different properties, hue, purity and lumin- 
osity, or that there are seven deadly sins, and so on. 
Such cases need not concern us greatly. Suffice to say 
that entities which are not physical may be numerable 
if they are discrete in some respect and similar in some 
respect. 

The chief points of contrast between counting and 
measurement are (i) the number of things counted is 
unambiguously fixed, as already explained (2) the process 
of counting and of addition of counted objects does not 
involve any physical manipulation of them because 
their number is independent of their actual position in 
space and time. In order to add the population of 
Scotland to that of England it is not necessary to make 
anybody cross the border. Physical manipulation may 
be an aid to addition, but it is no integral part of the 
process. , 
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The measurements used in scientific practice, as in 
everyday life, are either measurements of the geo- 
metrical properties of bodies or are derived from them. 
This derivation of other metrical properties from 
geometrical ones is due both to practical convenience 
and to theory. For mechanical theory it is the extension 
of bodies in space and time that is their ultimate 
property from which other properties are derived. 
Therefore if we can measure with sufficient accuracy 
and detail the relative spatial and temporal configuration 
of particles we shall have attained as complete know- 
ledge of them as possible from the point of view of 
theoretical mechanics. Hence our theoretically ultimate 
measurements must be of distances, angles and time 
intervals — what may be conveniently lumped together 
under the name ‘ geometrical properties and relations ’ 
treating time as an extra dimension. 

In this matter practice is actually in advance of 
theory. Mechanical theory has not yet got as far as to 
describe every property of things in geometrical terms 
or even every metrical property, but in practical measure- 
ment whatever the kind of property measured, what is 
actually observed is a geometrical property or relation, 
usually a length, sometimes an angle or a segment of 
a circle. There are comparatively few measurements 
that do not resolve themselves into leading off a length 
on a scale. Even time measuiemenls, though theoretic- 
ally they must have an independent derivation, are 
carried out by this means in practice. 

Is It possible to develop a system of measurement 
independent of the geometiical properties and relations 
of bodies? The answer is, I think, that is possible, 
though not useful or convenient. In measuring a 
weight on a balance in the ordinary way we are apply- 
ing the laws of the lever and of gravitation. We are 
treating weight as a derived property obtained by means 
of a knowledge of mechanical laws from observations of 
geometrical relations of bodies. I don’t mean to say 
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that nobody ever used a balance until the laws of the 
lever and so on had been worked out, but that these 
laws supply the rationale of the process. If therefore 
we wish to obtain measurements of weight directly and 
apart from mechanical theory we must discard such 
mechanical aids as balances. This it is possible to do. 
By the process of lifting bodies in the hand it is possible 
to judge directly of their equality or inequality of 
weight, at least roughly. If we are content with com- 
paratively crude results and with a restricted range of 
weights we can weigh bodies perfectly well in this way 
without recourse to any theory by a direct appeal to the 
senses. The results so obtained will have all the 
characteristics of weights obtained in the usual way 
except that of accuracy ; in particular we can assign 
numerical values to weights and add and subtract 
weights and carry out all ordinary manipulations. The 
only reason why such a system is not developed is its 
lack of exactitude. The most exact direct judgments of 
comparison we can make are those of length, con- 
sequently any measurement we wish to make with 
accuracy we convert into an observation of length by 
suitable mechanical devices And we do this even if 
we have other sense organs that could do the work. 
We cannot construct and use instruments of measure- 
ment for making these conversions without a knowledge 
of the mechanical laws of the working of the instrument. 
It IS acknowledged again that balances are older than 
mechanics, but prior to some development of mechanical 
theory no great refinement or certitude was possible. 
Moreover, the law of the lever, which is the fundamental 
one for the theory of the balance has been known in a 
vague sort of way from time immemorial, and it is only 
in so far as people had some apprehension of its 
character that their use of balances was rational. 

Supposing a system of direct weight measurement 
without balances and independent of mechanical theory 
had been developed, it would ultimately be necessary 
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to correlate weight measurements with geometrical and 
mechanical knowledge independently obtained. Then 
it would be seen that from the mechanical point of 
view weight must be treated as a derived and complex 
magnitude and must be related on the one hand to 
volume — a purely geometrical property — and on the 
other to mass, a property that is not measured directly. 
It would also appear at once that the direct measure- 
ment of weight was very inaccurate, and it would be 
superseded by the indirect measurement by means of 
the balance. Weighing with a balance means, of 
course, watching the movement of a pointer over a 
scale, counting the weights on a pan and seeing the 
position of a rider on the beam — all these are purely 
geometrical observations. 

Probably many properties besides weight could be 
measured directly and independently of the geometrical 
properties, but it would not be convenient to do so in 
their case either Both theoretically and practically 
then the fundamental metrical properties and relations 
of bodies are spatial and temporal. In particular the 
fundamental units of measurement are length and time 
and all others are constructed from them, with the 
addition of such other properties as are found to be 
necessary, such as mass. 

The process of measurement as has been mentioned 
always involves some manipulation of bodies ; it is 
experimental in a sense that counting is not. The 
process consists in the comparison of two things in 
respect of some property. One of them is taken as 
the standard in terms of which the magnitude of the 
other is expressed. If the standard used and the object 
to be measured happen to be equal then the comparison 
is a simple affair, but as they usually are not it is apt 
to be somewhat complicated. The most convenient 
procedure usually is to take a standard that is small 
relative to the magnitude to be measured or to sub- 
divide the standard, and to find by repeated application 
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m the correct manner to the unknown how many times 
greater the unknown is. Or, of course, if we have a 
small unknown it can be applied repeatedly to the 
standard. There are two characteristics of the process 
that should be mentioned, (i) The actual numerical 
value assigned is not fixed except by fixing the unit 
of the standard , (2) even the fixing of the unit does 
not fix the value absolutely but it is determined as 
lying between certain limits. That is to say the error 
of measurement is something inherent in the process ; 
though it can always be made smaller than any given 
amount it can never be eliminated. It is only in theory 
too that it can be indefinitely reduced ; in practice the 
difficulties increase so rapidly with each diminution 
in error as to set a fairly definite limit at any given 
stage in the progress of knowledge. 

A further point that must be mentioned is that a 
theory of congruence is required to form a basis for 
any system of measurement. That is to say we must 
have some reason for saying that A is equal to B and 
not to C, and some rational method of procedure for 
the repeated application of one magnitude to another 
for purposes of addition. 

§ 24. Let us first of all consider a simple and rough 
type of measurement such as pacing out a distance on 
the ground. The standard in this case is the length of 
a pace, and the measure of the distance the number of 
paces taken. The distance will not be any exact 
number of paces, though in some cases the differences 
will not be noticeable. Generally it will be obvious that 
the distance is greater than n and less than n+i. If 
the pacing has been done with precision and the con- 
ditions are suitable, we shall find however often we 
carry out the process that the distance is between n and 
This kind of uncertainty is what I shall call the 
inherent error of the measurement. Its size is deter- 
mined by the “step” of the instrument, to use 
Campbell’s convenient term, which in this case is the 
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human pace. That is to say if a distance of one pace 
IS the least we take account of, the greatest exactitude 
attainable is to determine the value of the unknown as 
lying between two consecutive numbers of steps. By 
modifying the procedure the “step” can be reduced 
in size and consequently the inherent error. Thus, 
instead of pacing out the distance we might measure 
It with a yard stick divided in inches and reduce 
the step to an inch. Or if we liked we could reduce 
it to a tenth or hundreth of an inch without any 
difficulty. 

Sometimes the length to be measured will appear to 
coincide exactly with a definite number of yards or 
inches or whatever it is that is our unit, but this exact 
coincidence is an illusion. If more refined methods of 
comparison are used a difference will appear. In 
geometry we can deal theoretically with lengths that 
bear an exact ratio to one another and we can define 
units that bear an exact relation to one another, but in 
actual measurement there is a certain vagueness due to 
the imperfection of our sense organs and other instru- 
ments that makes exact comparison impossible. We 
know also that theoretically in many cases there will be 
no exact ratio and even where there should be one 
the chance of hitting on it is infinitesimal. The early 
Pythagoreans appear to have had what would now be 
called a quantum theory of space. They considered 
that lengths bore exact numeiical latios to one another 
and in accordance with this belief represented lines as 
rows of dots. But they soon discovered their mistake 
when they came across incommensurables. That is to 
say they found if a number was assigned to one length 
such as the side of a square no number could be 
assigned to the diagonal, although its length could be 
bracketed between two ratios which might differ by as 
little as they liked. This theoretical discovery that 
there is not necessarily an exact numerical ratio be- 
tween any two lengths, when it is applied to actual 
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measurement takes the form that there is never an 
exact numerical ratio between observed lengths. 

If the step of the instrument be reduced sufficiently 
in any process of measurement another type of error 
besides the inherent error becomes apparent, which I 
shall call the fluctuation of measurement. The fluctua- 
tion is what IS usually discussed in the treatment of 
errors of measurement, as measurements are most often 
made so that the inherent error is smaller than the 
fluctuation and not apparent. If we are measuring a 
long distance over rough ground instead of finding 
each time that the distance is between » and n+i, we 
shall get a different value at different trials. This kind 
of error, the fluctuation, cannot be reduced by altering 
the type of instrument. For instance by using a tape 
divided in yards instead of pacing we may be able to 
reduce the size of the fluctuations, but if the fluctuation 
is of the order of a few yards we shall not reduce them 
in the least by using a scale divided in inches and 
expressing the results in inches. 

It should be obvious that with any given type of 
instrument the best result is attained when the size of 
the step and the inherent error is of the same order of 
magnitude as the fluctuation. If either the one or the 
other is very much larger we are not getting the utmost 
out of the instrument. In many cases it is much easier 
to reduce the size of the step of the instrument than to 
reduce the size of the fluctuations ; because the step can 
be reduced by a simple magnification of movements by 
optical or mechanical means ; whereas to_ reduce the 
fluctuations necessitates better control of external con- 
ditions, and the ferreting out of unknown variables. 
These considerations are of great practical importance 
because a singular delusion often persists even among 
trained scientific observers, that simply by reducing the 
inherent error of a measurement or in other words in- 
creasing the sensitiveness of the instrument, the 
accuracy of the measurement can always be increased. 
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The accuracy of the measurement can only be increased 
by reducing the inherent error when this is largely relative 
to the fluctuations. Now that electrical technique has 
developed to such an extent that the results of almost 
any physical change can be magnified as many million 
times as the observer likes, this kind of illusion is 
specially dangerous. Increasing the sensitiveness of the 
instrument beyond a certain point unless the fluctuations 
can be diminished to a corresponding extent may simply 
result in making measurement impossible, because the 
effect to be observed is swamped by chance variations. 

If the result of repeated measurements of the same 
thing IS to get a number of different values, something 
has to be done. We want one value not a whole host 
of values. As is well known the way out of the difficulty 
is to take an average. As is not quite so well known, 
there are an infinite number of ways of taking an 
average of a group of numbers. Provided we have 
a definite rule for finding the average and always 
use it correctly, one rule is as good as another, 
for most purposes. The valid reason for taking the 
arithmetical mean is simply that it is easy to calculate, 
and that in most cases the results are symmetrically 
distributed about a median value and consequently 
every obvious way of taking an average gives almost 
exactly the same result. But there is nothing sacred 
about the arithmetical mean. In many cases there is a 
lot to be said for taking the square root of the mean 
squares as the average ; but this is troublesome to 
calculate. The careful expciimenter does not usually 
waste his time on complicated arithmetical manipulation 
of his results, but prefers to spend it improving his 
apparatus. Therefore, in spite of all theoretical argu- 
ments, the arithmetical mean will remain his favourite. 
It is the inferior observer who tries to make up for bad 
experiments by fancy calculations. 

The discerning critic will say, of course, in reply 
to this, that I seem to have forgotten that there is such. 
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a thing as a calculus of errors from which all sorts of 
valuable results have been obtained. I must ask him 
to be patient for a moment, while I explain. 

It is often supposed that the aim in taking an 
average of a collection of experimental values is to get 
an approximation to a supposed true or real result and 
that there are reasons for supposing that one average 
may get nearer to this real value than another. Making 
a measurement is supposed to be analogous to shooting 
at the bull’s eye on a target. If there are no constant 
errors, t.e. if the range is known exactly and the wind 
gauge is correctly set, the shots will be distributed over 
the target in a uniform manner about the centre of the 
bull so that a properly worked out average will coincide 
exactly with the centre. The case of making a measure- 
ment IS analogous to shooting at a target, if we assume 
the target to be an infinite surface and the bull’s eye to 
be visible from the firing point, but invisible to the 
marker, who sees only a plain white surface on which 
the shot marks appear. The marker will not know 
where the bull is, and the man who is firing will see 
the bull but will not know how near the shots are going. 
Unless there is known to be a constant error — and that 
can only be discovered indirectly — the marker will 
assume with some degree of reason that the bull lies 
somewhere among the group of bullet marks but any 
choice he makes as to its exact position will be arbitrary. 

The observer who imagines there is some real or 
true value, which can be attained by correctly calculat- 
ing an average from a collection of different numerical 
results, is guilty of the absurdity of thinking that 
arithmetical calculations can supply better information 
about the external world than actual observation. The 
fact is that the true or real value of anything measured 
is simply all the results of the different attempts to 
measure it. That is to say given some particular 
instrument of measurement and certain conditions of 
observation the result of the measurement is simply the 
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class of all the values found. The case is similar to 
those cases that puzzled mathematicians where a series 
which did not converge to a limit had to be dealt with 
as though It had a limit, but it is more complicated. 
In the first place because we only have a small selection 
of observed values out of the whole class of observable 
values and secondly because for purposes of calculation 
we have to assume that the fluctuations are all chance 
fluctuations and that there are no systematic or constant 
errors, an assumption that can never be proved and is 
usually far from correct. However, the ordinary 
calculus of errors is an attempt to work out the formal 
properties of such collections of numbers as are obtained 
in a series of fluctuating observations. The average 
that IS used is simply a symbol that is used for con- 
venience to stand for the whole class and which, as 
it IS obtained by calculation and not arbitrarily, has 
certain definite formal relations to the known members 
of the class. Thus, although no one average is more 
real than another, but all are merely symbols, there 
will be perfectly legitimate grounds from the point of 
view of the calculus of errors for preferring one to 
another to signify the class for certain purposes, accord- 
ing to its special formal relations to the individual 
members. At the same time for all ordinary purposes 
the arithmetical mean in virtue of its simplicity is bound 
to be the most useful. 

§ 25. As has been said already the geometrical 
relations and properties of bodies are the fundamental 
metrical properties from which all others are derived. 
In ordinary practice the actual observation is of the 
length of a straight line, sometimes of an angle or a 
segment of a circle Even time measurements are made 
in this way, though they can be made directly and must 
for theoretical reasons be treated as primitive. We must 
therefore deal first of all with geometrical measurements 
apart from time. 

In order to establish a system of geometrical measure- 
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ments we require to be able to make certain judgments 
which should be as far as possible direct primitive 
perceptual judgments as little contaminated by theory 
as is possible. 

We must m fact be able to say (i) what lines are 
straight, (2) what lengths are equal, (3) what angles 
are right, (4) what lines are parallel, (i) and (2) are 
indispensable ; (3) and (4) we do not need if we allow 
ourselves the privilege of using Euclidean theorems for 
constructing right angles and parallel straight lines 
with the help of judgments of straightness and equality 
only. But as a matter of fact we do, I think, make use 
of our direct sense of rectangularity and parallelism 
though our judgments of them are less easy and certain 
than our judgments of the other properties. 

The discerning critic, who was with difficulty kept 
quiet before, is now aching to know whether I believe 
Space to be Euclidean or not. But that I shall not tell 
him, at least not yet. Instead I should advise him to go 
and ask the people who make the most accurate spatial 
measurements, namely the astronomers at Greenwich 
Observatory, and the Officers of H.M. Ordnance Survey, 
and hear what they say. Then I should advise him to 
read Whitehead’s Principles of Natural Knowledge, and 
The Concept of Nature and Part VI of Principia Mathe- 
matica (which nobody has ever read) ; and after that, if 
he has any opinions left, I shall be delighted to hear 
them. 

Measurements of length are usually made by juxta- 
position of the unknown with a scale ; and all measure- 
ments, however they are made actually, are derived from 
a juxtaposition of scales, because that is how the standard 
of length is used. As every scale is a subsidiary or 
relative standard of length we need not bother at present 
about the reference back to the final standard. A scale 
fulfils several functions. It is (i) a standard of length, 
(2) a standard of straightness, (3) a convenient mechani- 
cal device for adding together units of lengths in the 
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correct manner without overlapping and without gaps. 
Functions (i) and (2) are fulfilled in virtue of its being 
a rigid body. The doctrine of rigid bodies is a difficult 
one and will be discussed shortly. In the meantime 
function (3) needs a little explanation. 

Whatever units we care to express our results in, 
in using a scale the working unit is the smallest scale 
division to which our comparison extends, complications 
due to estimating fractions of divisions need not concern 
us. For instance, if we are 'using a scale divided in 
millimetres and measure to the nearest millimetre, the 
procedure is to find the two lines on the scale to corre- 
spond most nearly to the limits of the length to be 
measured and then to count how many millimetres this 
is. The function of the scale is to add up millimetres. 
The actual process of repeatedly adding a length to 
itself is only possible with fairly long things and is 
laborious and inaccurate. Of course there are still 
other ways of making the measurement but they do not 
involve any new principle. 

When a scale is juxtaposed with something to be 
measured, the judgment that the unknown is equal 
to a certain number of scale divisions is simple and 
immediate, but we require further judgments that the 
scale divisions are all equal, that they remain the same 
even when not juxtaposed, and that they are the actual 
length they are supposed to be. These judgments do 
not appear to be immediate but to involve a belief in the 
rigidity of the scale ; which belief would be false if 
the scale were made of india-rubber and is never exactly 
true of any material. The doctrine of rigid bodies is 
in fact a highly sophisticated one. On the other hand 
the discovery that bodies are not rigid is due to measure- 
ments. But the measurements depend on the use of 
scales, which must be assumed to be rigid. Apparently 
it is easy to discover that some bodies are less rigid 
than others, but it would be necessary to assume some 
absolutely rigid substance to make a standard metric 
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body with which others can be compared. Yet this is 
not done. The standard metre is, of course, made of 
the most rigid obtainable material, but this is not 
supposed to be perfect and unalterable ; in fact people 
profess to be able to measure changes in its length. 
There seems to be a fallacy somewhere. Appeal to 
the wave-length of the cadmium flame is not any help, 
because apart from theory depending on measurements 
with ordinary scales we should have no earthly reason 
for supposing its wave-length to be constant. 

The solution of the difficulty is fairly obvious. We 
do not depend ultimately on any supposed absolute 
standards, or on the theory of rigid bodies or on juxta- 
position, but on immediate and simple perception of 
equality — and also of straightness. If you ask an 
ordinary unsophisticated person whether a rod is straight, 
he closes one eye and applies the end of the rod to the 
other and looks down it. He then says it is or it is pot, 
according to his ability. If he is asked whether the 
scale divisions of a measuring rod are all equal he holds 
the rod straight in front of him in a good light and 
looks at them. Perhaps if some look a little different 
to others he takes a pair of dividers to see whether his 
suspicions are confirmed. But in the end he depends 
upon what he sees. He knows of course that if a straight 
rod is half in water and half out, it will looked crooked ; 
but he does not let that worry him, he simply avoids 
making tests of the straightness of rods under those 
conditions. That is to say he knows by experience that 
certain conditions are bad for making accurate judgments 
and avoids those conditions. The physicist uses much 
more refined methods and is far more critical, but essenti- 
ally his methods are the same. He depends ultimately 
upon what he sees, but he takes care to get the maximum 
possible degree of discrimination out of his sense organs 
by the. use of any device he can find. He avoids all 
conditions he has reason to believe give rise to erroneous 
judgments. Lastly he is careful if possible to make the 
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comparison by different methods as a way of avoiding 
unrecognized sources of error. But in the end he is 
driven to say that things are equal because they appear 
equal and are straight because they appear straight. 

The psychologists and the physiologists have taken 
a lot of trouble to ferret out all the defects of the human 
eye, with the result that they grossly slander that 
admirable instrument. Given favourable conditions our 
eyes have an extraordinary aptitude for geometrical 
judgments and are by no means easily deceived. U naided 
judgments of straightness or curvature, of normality, 
of the abutment of bodies, of coincidence in the line 
of sight are extremely acute. The eye is also very 
sensitive in j'udging of equality and inequality of lengths. 
The accuracy with which a straight line can be bisected 
by eye is astonishing. 

It IS to be noted that in all this no allusion has 
been made to transmission theories of light, the optics 
of the eye, or the nervous system. Any such allusion 
IS inadmissible and would vitiate the whole argument. 
Even quite acute thinkers, when discussing the method 
by which scientific knowledge can be built up from 
primitive sense experience, seem inclined to drag in 
all sorts of nonsense about waves in the ether and 
retinal images and nervous impulses and any scientific 
fad that happens to be going. All this is theory (usually 
very bad theory) that is based on scientific knowledge 
and cannot be used to explain it. 

There is one serious difficulty which has not yet been 
dealt with. Admitted that our judgments of comparison 
are infallible within any single experience, it still remains 
to see how we can make comparisons of things remote 
in space and time without some doctrine such as that of 
rigid bodies. This matter has been discussed to some 
extent already, but a few words more are needed here. 

Our j'udgment that the properties of a body have 
not been altered by change of place or lapse of time, 
e.g.y that a standard of length remains constant, depends 
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on the absence of any observed change. There does 
not seem to be any more satisfactory criterion. If 
continued observation under widely varying conditions 
does not reveal any change, then we assume that the 
standard has remained unchanged. If changes in it 
can be observed with changes of condition these do not 
matter provided they(i) follow a regular law, (2) are 
completely reversible, and {3) are reasonably small, so 
that we can bring the standard to a definite condition. 
For instance the fact that standards of length vary with 
temperature does not preclude their use as long as a 
definite length is reached reversibly corresponding to 
a definite temperature. It is worth noting that the 
temperature measurements necessary for the accurate 
standardization of a measuring rod require measure- 
ments of length, but since an extremely large error in 
these would only introduce a minute error in the 
standardization no vicious circle is involved. 

As has been said, then, we assume a standard to be 
constant unless we have positive evidence that it varies. 
Unless this assumption is made, measurement is im- 
possible. The state of affairs is not quite so bad as it 
sounds. First, because the kind of weakness is merely 
that common to Induction and all human reasoning, 
that the unforeseen must be treated as non-existent. 
In the second place the difficulty of observing variations 
in a standard is itself a guarantee that variations if they 
exist shall be small. Any standard that is in use may 
vary but the variations are not likely to be large enough 
to affect the majority of measurements. Variations are 
most likely to be discovered only when unusually exact 
measurements are being made and if discovered then 
and controlled will be quite innocuous. 

In the treating of measurements of length apart from 
measurements of time I do not wish to imply that 
ultimately time and space are disparate. Rather I 
hold with Whitehead that the ultimate ingredients of 
nature are events with extension in time and space. 
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But though tune and space have the same root, for 
the purposes of general knowledge we had best consider 
them abstractly as the timeless space and spaceless time 
of classical physics. For the purposes of measurement 
that is, it IS convenient to use the constructs and not 
the basic material. As a matter of fact time measure- 
ments involve certain special problems which have to 
be treated by themselves. 

The critic who was with difficulty silenced over the 
question of the Euclidean character of space will be 
getting restless again and will want to know where the. 
Principle of Relativity comes in. The answer is that 
it does not come in ; we are concerned with important 
topics and not with trivialities. Relativity is based on 
certain very special and very minute discrepancies in 
the results of measurements made in accordance with 
the classical theory, but all the data on which the 
Relativity Theory is based and the verification of its 
conclusions depend on measurement. Therefore, 
measurement is logically prior to this theory and it 
cannot be appealed to in criticism of measurement, 
except in those very special and remote cases where 
discrepancies arise and there it is not the measurement 
that is impugned but the theory originally based on it. 

§ 26 There are special peculiarities about the measure- 
ment of time intervals which do not occur in any other 
form of measurement. The experience of lapse of time, 
as has often been pointed out, is inseparably connected 
with the motion of bodies, and the difficulties that occur 
in Its measurement are due to the difficulty of ascertain- 
ing what motions are uniform and so suitable as time 
measurers. There is a further difficulty, though a lesser 
one, due to the fact that different means have to be used 
for measuring short and long intervals of time, and the 
two sets of measurements need to be correlated. Long 
intervals are measured by means of the periodic motions 
of the heavenly bodies (the rotation of the earth), short 
intervals are measured by clocks which are essentially 
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devices for obtaining uniform rotation. As it happens 
that the errors of time measurements are absolute, not 
as in the case of most other measurements relative to 
the total magnitude measured, the long period measure- 
ments are more accurate than the short period ones. 
Hence clocks are corrected by means of astronomical 
measurement, and the latter supply the working standard 
though not, as I believe, the absolute standard. 

The chief difficulties in time measurement turn on the 
definitions of equal times and of simultaneity. Equal 
times are sometimes defined as follows : two periods of 
time are equal in which two physical operations, of 
whatever character, take place which are identical in all 
respects except lapse of time. This mode of definition 
is thoroughly vicious. It robs us of the possibility of 
correcting one clock by means of another, because it 
would, by definition, make all reasonably well con- 
structed clocks true timekeepers. The confusion that 
would follow the serious acceptance of this definition 
would be indescribable ; not a single law of nature 
would remain true. The fact is, if events are apparently 
identical we have reasonable grounds for expecting the 
times to be identical too, but nothing more. If the 
times are not identical after all we expect to find other 
differences, but must have independent grounds for 
judging of the equality of the times. 

Poincare boldly accepts the paradox and says that 
time measurements are purely arbitrary.^ His conten- 
tion IS simply that that system of time measurement is 
adopted which allows the Newtonian laws of mechanics to 
be true, and the justification of the procedure is that any 
other system would make the laws of nature too com- 
plicated. He argues that there is no reason to consider 
the intervals between successive noondays as equal, 
rather than the intervals between successive sunrises, 

* La Vakur de la Science, Chap, II Poincare’s views are criticized by 
Whitehead {Concept of Nature, pp IZI-4}, who also maintains the primitive- 
ness of our experience of equality of times (p, 137) 
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or between sunrise and sunset, or indeed any intervals 
such as the interval between meals. The reason for 
regarding the intervals between successive noondays 
as equal is simply that it makes Newtonian mechanics 
possible. If we supposed the intervals between meals 
to be equal there would be no laws of mechanics and the 
laws of gastronomies would be the fundamental laws of 
science. 

This argument is plausible only as long as we are 
thinking of fairly large intervals of time, which are 
too long to make one single experience. An exactly 
parallel argument about measurement of lengths would 
be plausible as long as we thought only of lengths of 
several miles. I believe that in the case of short time 
intervals we have a primitive perception of equality 
and inequality just as we have in the case of spatial 
equality if the spaces are small enough. In the case 
of time intervals it is hearing which is sensitive and the 
perception is that of what is commonly called Rhythm. 
When an event is periodic and the period is short 
enough for several whole periods to come into a single 
experience, to come within the “specious present”, 
the ear can easily detect whether the periods are of 
equal or unequal duration. The sound of a clock tick- 
ing, an engine running or a musical instrument playing, 
all give the right sort of experience. We are extremely 
sensitive to any irregularity in rhythm such as a petrol 
engine “missing” or a clock with a bad escapement 
that changes its time occasionally. And in the case of 
music we are sensitive even to a gradual acceleration 
or deceleration of rhythm. One is so accustomed to 
think of hand and eye as the discriminative sense organs 
par excellence that it is easy to overlook the powers of 
the ear in those directions it has specialized in. 

Measurements of time that have any pretence to 
accuracy all depend on some periodic repetition of events, 
which are such that the periods are immediately per- 
ceived to be constant. I take it that the people who 
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first made waterclocks relied on them because the drip 
of the water from the funnel could be heard to be 
regular. It seems very unlikely that they were cali- 
brated consciously or unconsciously with the length of 
the day until they had become recognized time-keeping 
instruments, recognized independently. Galileo is said 
to have first realized that the period of a pendulum is 
constant and independent of the amplitude. But I have 
not found a clear account of how he came to this con- 
clusion, apart from the story that he watched a lamp 
swinging in the Cathedral of Pisa and timed its period 
against his pulse rate (he was a medical student at the 
time). Whether apocryphal or not the story is perfectly 
plausible and Galileo’s procedure appears rational. The 
rhythm of the pulse of a healthy man at rest and not 
emotionally excited is remarkably constant and is of 
the sort of period that can be immediately perceived 
as constant. 

The laws of motion are not a priori but depend 
on certain observed facts. The facts required are 
comparatively few in number. What are necessary 
are Galileo’s law of freely falling bodies, the laws of the 
oscillation of the pendulum, and the laws of impact and 
so on. The discovery of all these laws involves time 
measurements. Unless the system of measurement 
used is logically independent of the laws of motion the 
whole science of mechanics is a gigantic fraud. If 
Galileo said to himself, “ I will assume that the wag 
of the pendulum measures equal times because by so 
doing I shall arrive at simple mechanical laws ” he 
deserved to be burnt by the Inquisition, because instead 
of starting an experimental investigation of the external 
world, he was merely asserting a number of identities of 
definition and his experiments were only “eyewash.” 
Myself I think better of Galileo. 1 believe that he really 
considered his time-keeping instruments to be true time- 
keepers, independent of any theory and that he based 
his belief on primitive experience. 
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In his experiments on falling bodies he used a water- 
clock of his own devising. The instrument consisted 
of a large vessel of water with a small aperture he could 
open and close with his finger. The volumes of water 
that escaped he measured by weighing. As the head 
of water was practically constant, equal weights measured 
equal times. ^ 

Assuming that we have a primitive perception of 
the equality and inequality of times, we can make clocks 
which satisfy our perceptual requirements approximately. 
A study of these clocks will show that the times of the 
solar day and the solar year are approximately equal. 
This result is what would naturally be expected. That 
is to say as the period of the day and the year mark a 
natural periodicity of human functions and of nature 
generally, our natural prejudice would be in favour of 
considering them equal times, though we might also 
vaguely tend to consider the periods of daylight and 
dark as equal, even in high latitudes, if our activities 
were completely regulated by them as those of most 
animals are. However, it so happens that our clocks 
and any vague primitive ideas we may have about the 
longer periods of days and years are in agreement, and 
it is idle to speculate what we would have done if they 
had been in disagreement. As our clocks are all liable 
to mechanical defects and require adjustment it is con- 
venient to take the comparatively long periods of days 
or years to correct them by, and the observations required 
to do this are very easily carried out with great accuracy. 
However, observation soon shows that the apparent 
solar day (as shown by the sundial) varies by about 
I part in a 100 plus or minus, and our calibrations of 
clocks must be made in terms of some more constant 
period if they are to be more accurate than this, hence 
the use of the “mean” solar day or alternatively the 
sidereal day. If more refined methods or theoretical 
considerations indicate that there is a definite error 

’ Mach, Scttna tf Mukatncs, Eng Trans., p. 134. , 
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of a very small order of magnitude this can be corrected 
for where required. 

It IS necessary to notice that the successive corrections 
of a system of measurement can be made in two ways, 
one common and legitimate and one illegitimate. In 
the first case we may be assumed to set up a system 
of measures based on primitive experience which has 
some definite limit of accuracy, say for sake of argument 
I part in loo. Then with more refined instruments con- 
structed and calibrated in accordance with our assumed 
system we find we can make measurements correct to 
1 part in 10,000 ; having done this we find there is a 
constant or at least a calculable error of i part in 1000. 
This we can correct for so as to make our measurements 
really accurate to i part in 10,000. This process does 
not involve logically any abandonment of our old system 
because the correction introduced is not such as to affect 
the initial and fundamental measurements, as it is outside 
their limits of accuracy. This is what I consider the 
legitimate procedure which involves only refinement of 
the old system and not abandonment of it. That is to 
say our first rough measurements are assumed to give 
us laws which hold more exactly than our first observa- 
tions can inform us about. 

The illegitimate procedure would be if we corrected 
our measurements by an amount that would be detectable 
by our initial instrument. That would be sophistication 
of the whole process. For instance if we made our 
initial time measurements on which our system of 
mechanics was based correct to i part in 100 and then 
our consideration of the laws of mechanics induced us to 
make corrections amounting to i part in 10, that would 
simply mean that our initial time measurements were 
false, and our laws illusory, for a deviation of i part in 
10 could have been detected. It might, of course, have 
happened that our laws were right but it would be a 
mere accident ; we should never have had any reason- 
able ground for believing they were right. 
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Suppose we made a pendulum clock, basing our 
belief in its accuracy on the observed regularity of its 
ticking. Then with this clock we measured the length 
of the solar day and found we could detect variations 
in it, but could find none in the sidereal day, we should 
take the sidereal day as our standard and calibrate all 
our clocks by it, including our first clock. We would 
then go on to study the laws of falling bodies and the 
laws of impact and dynamics generally. Let us suppose 
that if there is any error the largest is in our time 
measurements so that all other errors are negligible 
in comparison and that this error is such that the laws 
of mechanics are only observed to be correct to i part 
in M. Now we have two alternatives, we may hold 
that the laws of mechanics are really only correct to 
X in M and our clocks are right, or that the laws really 
hold with a much greater accuracy and our clocks are 
inaccurate by some amount not more than i in M. 
If we adopt the first view no further advance in 
knowledge is possible, but if we adopt the second view 
we can use the laws of mechanics, on the assumption 
that they really hold with a much smaller limit of errors, 
to correct our clocks, by various devices practical and 
theoretical, and so greatly increase the accuracy of our 
results. The proof of the validity of this assumption 
will lie in the results obtained in consequence of making 
it, because if the assumption were false it is extremely 
unlikely that our time measurements would in practice 
turn out to be more accurate with our supposedly im- 
proved clocks. If our improved clocks show the laws 
to hold with a much higher degree of accuracy than 
r in M that is a confirmation of our belief. 

This is the sort of way I believe the system of time 
measurements to have developed and I can see no other 
logical way. If we have no primitive time experience 
on which our construction is based or if we have sophisti- 
cated our time measurements so as to make Newton’s 
laws of motion hold good, it appears to me that the 

K 
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science of mechanics is nothing but an imposture on 
the human race. This I find it hard to believe Human 
beings tend to dispute about all things that can be dis- 
puted, so that if our system of time-keeping has been 
imposed upon us by fraudulent physicists in the interests 
of the laws of mechanics, the universal conspiracy of 
agreement is nothing short of marvellous 

As against these contentions it may be argued, that 
if somebody were to invent an entirely new system of 
time measurements which was discrepant with our present 
system, but made the laws of nature very much simpler, 
there is no doubt it would be adopted and all our present 
clocks would be replaced by instruments working on a 
different principle. If this were to happen it is possible 
that in the course of centuries people would come to 
believe that the new clocks measured equal time intervals 
as primitively perceived and that the time system of the 
old clocks was quite artificial. It is not very difficult to 
persuade oneself that something is primitively perceived 
if only one tries hard enough. I do not think there is 
any complete reply to this argument. The best answer, 
as far as I can see, is that the new system would have to 
be based somewhere on some primitive perception of 
equality and inequality, and that in such a system time 
measurements would really not be used at all. We 
might call the quantities used times, velocities and 
accelerations, and so on, but they would be quite new 
conceptions under old names. The question is in any 
case somewhat speculative. And it does not touch the 
chief point I wish to make, that for the present system 
of mechanics time measurements of the ordinary sort 
are necessary and are logically prior. Nevertheless it 
is quite open to the physicist to use any sort of system 
of measurement of any sort of quantity that he cares to 
choose, and in every case the proof of the pudding will 
be in the eating. If the new system saves trouble and 
increases knowledge it will be legitimate. All that my 
argument is intended to show is, what is the logical 
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basis of the system of time measurement that is as a 
matter of fact in use at the present day. 

The difficulties concerned with ascertaining simul- 
taneity of times are really much less serious than those 
concerned with equal times. Everybody admits that 
within any given experience simultaneity of events is 
a matter of direct observation. The difficulties only 
begin when it is a question of correlating distant events 
which cannot be observed by one observer but can only 
be calculated by means of signals which take a finite 
time to travel. In the vast majority of observations 
that are not astronomical the difficulties are trivial. The 
errors involved in treating all terrestrial observers as in 
“the same place” are minute and negligible for most 
purposes. In astronomical observations the difficulties 
are apparent and the errors are mostly calculable on the 
classical theory. Real trouble for which Relativity con- 
siderations are required only occurs in the imaginary case 
of correlating observations made by observers moving at 
high speed relatively to one another. All questions of 
this sort may therefore be left on one side for the time 
being. 

§ 27. Time intervals are, in practice, measured by 
means of lengths A clock is a mechanical device, 
which, if we assume the correctness of the laws of 
mechanics, possesses some part moving with a uniform 
velocity. The ratio of any two times will then be the 
ratio of the distances travelled by the uniformly moving 
body. The notion of a velocity is thus required for the 
use of a clock, just as the notions of an area and the 
properties of a square are required for us to be able to 
measure the size of a square by means of the length of 
Its side. It is I think a matter of indifference whether 
we consider these new notions to be derived by purely 
logical construction from lengths and times or to be 
arrived at empirically. I should suggest, however, that 
the idea of motion is really a new idea and cannot be 
obtained logically from space and time. But given the 
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idea of motion the notions of velocity and acceleration 
may be considered as capable of being arrived at 
analytically. 

For Mechanics a number of additional ideas are 
needed : Force, Mass, Inertia, Momentum, Energy, 
and so on, to keep within the bounds of the classical 
Mechanics Consider Mass : this is not a notion that 
can be logically derived from any of the ideas we have 
discussed already, which involve only space and time. 
It is indeed not easy to see how as a matter of history it 
arose. The Greek scientists, with the possible exception 
of Archimedes, do not seem to have had any idea 
resembling our notion of mass. It seems to have 
arisen, however, fairly quickly as the result of Galileo’s 
investigations. The question of exactly how it arose is 
not of great importance, the important point is that it 
must have arisen as the result of actual experiment ; as 
the result of finding that there was some new “thing” 
which could be measured. It was quite unnecessary 
for people to have any clear or definite idea of what 
mass IS, all that was needed was some adequate and 
unambiguous way of measuring it. In what follows I 
am not attempting to give an account of how the idea 
actually did arise but simply to indicate in a very rough 
manner the kind of way in which it could arise. 

We may assume that we have vaguely the idea of 
a force, simply as a ‘ push ’ and of a greater or less force 
as a greater or less ‘push’. We know further that 
some bodies require a greater push than others in order 
to impart a given motion. Mass then can be conceived 
as what the bodies “possess” in different amounts 
which accounts for this difference in behaviour. We 
can therefore treat the force required to move a body as 
equivalent to the mass of the body and the acceleration 
(or change in velocity) produced , in other words we 
can write the equation F = A x M. This may be treated 
as a definition of force in terms of mass or of mass in 
terms of force ; it does not matter. The important 
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point IS that it gives us a means of measuring masses. 
Accelerations we can measure directly in terms of 
lengths and times ; not simply by a single measure- 
ment in most cases but by a series of measurements of 
the space travelled over and the time taken to do it. 
It may be assumed, whatever mass is, that identical 
bodies will have the same mass, that is to say bodies of 
the same substance and of the same volume will have 
the same masses. Thus any two pennies, or any two 
shillings, or any two sovereigns will have the same 
mass. And of course any given body will have the 
same mass at different times. From our equation then, 
by taking bodies of identical mass and giving them 
various accelerations we can measure forces, i.e.^ keeping 
M constant we can find F in terms of A. Having done 
this we 'can then use our known forces for finding 
masses of bodies whose masses are not identical, using 
the same equation. This experiment is not an easy 
one to carry out directly but there are two easy ways 
which are logically independent and get round the 
difficulty. 

Galileo’s observations on bodies falling under gravity 
showed that in this case the acceleration was constant 
for all bodies so that for gravity Force is proportional 
to Mass. The force of gravity can be measured statically 
by means of the Balance and measured easily and 
accurately. In order to use the Balance we may suppose 
either that we can deduce the properties of the lever on 
general grounds as Archimedes did, or that we have 
observed that as a matter of fact a balance with equal 
arms is in equilibrium when two identical bodies are 
placed one in each pan. On either assumption we can 
find the masses of bodies by the process of weighing. 
The other method that can be used is not nearly so 
useful in practice as this, nor I think so satisfactory 
theoretically ; it involves the application of the laws of 
impact. If two inelastic bodies moving freely at 
constant velocity in opposite directions collide they may 
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bring each other to rest or may move together at a 
slower velocity in one direction or the other. Now the 
“ properties ” possessed by the bodies which are relevant 
are velocity and mass and the capacity of one body to 
stop another body must be a function of the velocity 
and the mass. The early physicists appear to have 
taken it as self-evident that the function in question was 
the simplest possible, the product of the mass and the 
velocity, which they called the Momentum. It is very 
difficult now to understand why it should have been 
thought to be self-evident. But this does not really 
matter because experiment will show that no other 
function meets the case. That is to say we can take 
different bodies of the same substance and on the 
assumption that mass is proportional to volume, which 
can be measured, we can find what relative velocities 
are required to bring different masses to rest after 
impact. If the bodies come to rest we know that the 
property sought is equal in both bodies and hence we 
can find empirically the relation = wijZ/j where 
and masses and z', and the velocities of 

the bodies. In practice it will be easiest to do the 
experiments by assuming the laws of falling bodies or 
the properties of the pendulum and measuring velocities 
indirectly in that way, but the experiments can be done 
without any appeal to gravitation. By this method it 
will be found that we get the same values for the mass 
of any body as by weighing. The importance of impact 
experiments lies in the fact that they show that inertia- 
mass and gravitational mass are the same. We could 
also study experimentally the laws of elastic impact and 
similar conclusions would be reached ; but this case is 
rather more complex. 

It will be seen that in order to investigate the question 
of the masses of bodies we must start with some sort of 
idea of what mass is, and this is not the sort of idea 
that can be considered as immediately given in experi- 
ence in any way. It is essentially the result of reflection 
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on the tacts of experience. Given the idea it is not 
necessary that it be conceived precisely or exactly 
defined ; it may be as vague as you like. What is 
necessary is that it should be capable of measurement 
and that we should get consistent and valid results from 
our measurements, and it is not the case that a clear or 
exact idea is required for this. It is necessary that the 
idea be adequate to the problems it is intended to solve, 
but nothing further is necessary. An adequate idea of 
number for the purposes of arithmetic is an idea that 
enables the possessor to carry out successfully ordinary 
arithmetical operations. A cleai and accurate and 
definite idea of number will only be possessed by 
those, I take it, who have read and digested nearly 
the whole of Prtnapta Mathematical and it is important 
to note that they will not, in all probability, be able to 
do arithmetical calculations any better after, than before 
reading that work. That is not to say that clear and 
accurate ideas are of no use. They are of use because 
they are adequate for all purposes to which they can be 
put, whereas ideas that are not so clear and accurate are 
only adequate for certain purposes, and in special cases 
may lead to error. For instance the ordinary person’s 
idea of number is adequate for all ordinary purposes 
but will be found inadequate when he tries to deal with 
infinite numbers and for this purpose greater clarity and 
accuracy are needed. In the case of mass the test of the 
adequacy of the idea is whether it can be measured in 
any way and whether the results of such measurements 
are consistent and satisfactory in enabling us to find 
out more about the external world. If at any point 
discrepancies and difficulties arise, if the idea is found 
inadequate, it must be revised or modified in some way 
to meet the case, and in this process it will become more 
clear and distinct owing to the clarifying effect of 
criticism and discussion. On the whole the idea of 
mass has proved adequate to the demands put upon 
it, and very little revision has been required. Probably 
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if It had been less adequate we should know more about 
it. Among the most adequate ideas we have are space 
and time, which are prehistoric in origin, and are the 
very reverse of clear and accurate, simply because until 
very recent times no criticism has been required. 

In order to be able to make use of a new idea such 
as mass we must be able to construct equations in which 
it stands as a function of old ideas and which enable us 
to make the necessary measurements. To construct the 
equations at all we must have some basis of both theory 
and observation. For instance, it was assumed above 
that identical bodies had the same mass and that for 
bodies of the same substance the mass w'as proportional 
to the volume, and finally that the mass of a body was 
constant in spite of changes of other properties. These 
statements cannot be considered as self-evident or neces- 
sary a prion or as the direct result of observation. The 
proper way of looking at the matter is to regard them as 
part of the definition of mass put forward as a hypo- 
thesis. We may say: “Let there be a property of 
bodies such that for any body it is constant at all times 
and for bodies of the same substance it is proportional 
to the volume and such that when a force is applied the 
acceleration multiplied by this new quantity equals the 
force ; call this property Mass.” Then on this basis we 
may investigate and measure the masses of bodies and 
the success of our operations is the measure of the value 
of the hypothesis. But of course in making such a 
hypothesis in the first instance we must not so frame 
our definition as to violate any known property of 
bodies. 

For any advance in scientific knowledge we require 
both the proper apparatus of ideas and the necessary 
methods of observation and the most valuable combina- 
tion of theory and experiment is that involved in the 
process of measurement. Measurement is on the one 
hand an extension of the process of classification, and 
on the other is a process of induction. As regards the 
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ideas used they must necessarily be the right sort of 
ideas though not necessarily clear and accurately defined. 
One of the characteristics of the great scientific geniuses 
is their capacity for inventing the right sort of new 
ideas. There are no rules for this process of invention. 
If there were, anybody could learn to be a Newton or a 
Faraday. 

It will be well before leaving the subject of measure- 
ment to consider shortly measurements of another sort. 
So far I have dealt with the measurements of quantities ; 
there are also Intensities or Potentials that can be 
measured. This is rather a more complex business. 
In the case of quantities we have either a primitive 
perception of equality and inequality or else judgments 
as to equality and inequality may be made derivatively 
from primitive perception ; at any rate we can legiti- 
mately say that we observe equality and inequality. 
In the case of intensities the process is not so simple. 
We can observe that one temperature is higher than 
another but we cannot say by observation what are 
equal increments of temperature. An increment of 
temperature is not itself a temperature as an increment 
of weight is a weight. It is only by convention that 
it can be expressed as a difference of two temperatures. 
To measure temperatures then we have to set up a con- 
ventional scale. Observing that bodies expand with 
rise of temperature we select some convenient substance 
as a thermometric substance (air or mercury) and say 
that equal increases in volume are due to equal rises in 
temperature. Hence with two arbitrarily selected points 
of reference a numerical scale of temperatures can be 
constructed. The whole process is arbitrary and con- 
ventional and is hardly yet measurement in the strict 
sense of the term. But it is assumed that if any illegiti- 
mate assumptions have been made they will betray 
themselves m the course of working. 

The final step in the development of temperature 
measurement is the definition of the Absolute Zero and 
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of equal increments of temperature in mechanical terms 
with the help of thermo-dynamic theory and Joule’s 
Equivalent. In this way temperature is made completely 
metrical and independent of arbitrary assumptions and 
the vagaries of any particular thermometric substance. 
Of course in practice a thermometric substance will still 
be used, but we shall know its defects and be able to 
correct for them.^ 

' I have not said anything on the subject of the system of units of measure- 
ments or of the standards in use, because this is a technical matter The fact 
that the standards of measurementare particular and arbitrary , r c the standard 
of weight IS a particular lump of metal kept in a particular place, is well 
recognized nowadays and hardly needs emphasis The matter has been well 
treated by Campbell [,Physics The Elements, p 395 ) 
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Theories 

§ 28. The verification of Laws ultimately involves an 
appeal to experience but this appeal may be indirect. 
That is to say the appeal may be first to laws of less 
generality and only through them or through a whole 
series of laws back to experience. The word ‘fact’ 
IS used very ambiguously ; it is usually supposed to 
mean a particular fact, that is to say an event; but it 
IS often used to mean simply an assertion about the 
external world to which great confidence is attached 
whether it be particular or general. Thus we say it 
is a fact that Socrates died at Athens in the year 
399 B.C., but we also say it is a fact that Benzene boils 
at 80° C. The first proposition asserts the occurrence 
of an event, the second rhe truth of a law. This 
ambiguity may be regrettable but it is so deeply em- 
bedded in language as to be beyond remedy ; actually 
It does not lead to any serious confusion. When people 
say they appeal to facts they usually actually appeal 
to well established laws but they often think they mean 
an appeal to sense experience, to particular events. If 
you examine the statements of "fact” in any scientific 
work you will find that almost invariably it is laws that 
are referred to but laws of little generality and high 
probability. The reason for calling them facts is that 
they are capable of immediate verification by experience, 
of verification that is by direct observation with the 
intervention of the minimum amount of theory beyond 
that involved in the construction of the instruments of 
observation. This usage is quite reasonable. An event 
that does not fui m an instance of a law (or of its con- 
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tradictory) is of no scientific interest and is not worthy 
of record. For purposes of communication it is only 
the law and not the particular event that can be dealt 
with. The distinguishing character then of the kind 
of law that is properly called a fact is simply its 
immediate relation to experience. Of course this use 
leads to some abuse in common speech so that ‘ theory ’ 
comes to mean simply what other people believe, ‘fact’ 
what I believe. 

I have not thought it necessary to distinguish 
precisely between the meaning of Law, Theory, and 
Hypothesis, in this respect following common usage. 
Generally laws are supposed to be generalizations of 
high probability and hypotheses of lower probability, 
the word also meaning what its derivation suggests. 
Theories occupy an intermediate position with the 
additional assumption that they are more general than 
laws. All these terms are used quite loosely ; they are 
all generalizations. The particular name given to a 
generalization will depend not on the nature of the 
generalization but upon how we are regarding it at 
the moment. I have mentioned this point because 
Campbell* uses Law, Theory, and Hypothesis in special 
technical senses. His treatment appears to me highly 
artificial and even absurd, but in one respect it is of 
importance. Laws as he uses the term are generaliza- 
tions of small generality obtained more or less directly 
from experience. Theories are derived from laws but 
deal largely with hypothetical entities and relations not 
directly discoverable from experience. On the whole 
It IS a useful distinction as enabling one to see how near 
to or remote from experience any generalization is. It 
IS convenient then to use the name fact for the first and 
simplest generalizations from experience ; laws for the 
combination of facts into wider generalizations, but 
into generalizations that still stick close to experience 
and describe only perceptible relations or properties. 

* Phystcs The Elements, chs V and VI 
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Theory is a still more general statement involving un- 
verifiable hypotheses. Thus the individual and repro- 
ducible relations observed between pressures, volumes, 
and temperatures of gases are the facts. The general- 
ization of these into the relation PV=RT is the Gas 
Law. The theory is the Kinetic Theory which is based 
upon a hypothesis as to the structure of the minute 
imperceptible parts of the gas. 

§ 29. In our previous discussion of laws we have 
been concerned chiefly with a fairly simple type ; it is 
now necessary to consider the more complex types that , 
enter into the construction of scientific theory. We 
may conveniently distinguish three types of law corre- 
sponding to the three types of object of Whitehead’s 
classification. These are first the simplest kind of laws 
that describe the relations of sense objects and that go to 
make up the theory of perceptual objects. It is only in 
the elementary classificatory stage of science that these 
laws come in. The next kind is that concerned with' 
the relations of perceptual objects and these are the 
old-fashioned causal laws. At this level too we have 
numerical laws, which are a refinement of the causal 
laws. Lastly we have the laws relating scientific objects, 
the theories of modern science. These loom largest in 
the eyes both of men of science and of the general 
public, and I hope I shall be pardoned if I say that 
they are of less importance than the simple numerical 
laws on which they are based — if they are based on 
anything. 

It IS a grave difficulty in the analytical treatment of 
scientific ideas that the simple laws are so vaguely 
conceived that analysis is Jdifficult and the theories 
that are precisely formulated are often put forward as 
dogmas and the evidence in favour of them has sunk 
into oblivion or into the realm of myth. The nerve- 
shattering effect of the Theory of Relativity on many 
physicists IS due to its compelling them to drag their 
mythologies out into the light of day ; and very quaint 
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some of them look too. It would be an interesting task 
to examine carefully any ordinary text book of Physics 
or Chemistry and try to unearth all the myths to be 
found embedded there — the experiments that nobody 
has done or could do, the sophistries that support 
theories, and the sheer dogmatic assertion unsupported 
by even a pretence of evidence. There is much there 
as fantastic as primitive folklore, though not so 
picturesque. 

Probably a certain amount of fiction is inevitable in 
any theory, but it is important to keep the amount as 
small as possible. There have always been men of 
science of a seveiely logical cast of mind who have done 
their best to strip away the mythological parts of scientific 
theory, but they have had a hard task and have not 
usually gained much sympathy. Generally speaking if 
we rid a theory as far as possible of fictitious elements 
it loses the simplicity and neatness that endears it to all 
We have to make elaborate reservations and draw minute 
distinctions ; we have to use clumsy terminology and 
laborious mathematics, difficult to understand. And 
the advantage gained may be miserably small ; nothing 
but a minute correction of the old formula in some 
out of the way instance. No wonder mythology is 
popular. 

At this point we have to consider a very serious con- 
fusion that has arisen between what is abstract and 
what is fictitious. By a fiction or a myth I mean 
simply what is not true, or rather what, though it might 
conceivably be true, we have no earthly reason to think 
so. Whereas an abstraction is something considered 
in isolation from elements that accompany it in nature. 
All knowledge inevitably involves abstraction and 
there is no vice at all in abstractions as long as we 
know they are abstract, but fictions are vicious. There 
are philosophers, I am aware, who consider that all 
abstraction implies fiction and falsehood ; but I have no 
patience with them. Their views if correct would make 
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knowledge impossible and plunge us in a timorous and 
ridiculous scepticism m which we dared distinguish 
nothing from anything else for fear of saying what was 
not true. If these men were right an oyster would be 
as wise as Socrates. An oyster analyses and dis- 
tinguishes nothing. It contemplates the Absolute. 
Socrates, poor man, was always analysing and dis- 
tinguishing and abstracting and getting into all kinds 
of trouble. Those who prefer the life of the oyster we 
shall not interfere with, but for ourselves let us follow 
the example of Socrates, distinguishing carefully, as he 
did, between what is fictitious and what is abstract, and 
rejecting the former but cherishing the latter. 

Abstraction then is a perfectly legitimate process 
and it does not follow that what is most abstract is 
most remote from reality, how remote it is depends 
upon the amount of fiction that has crept into the 
process of analysis and construction by which the 
abstract idea has been reached. Fictitious elements in 
theoretical ideas are sometimes excused because they 
lend concreteness to what would otherwise be painfully 
abstract ; and there is a certain amount of sense in this. 
Whatever has in it some concrete element, some degree 
of particularity, is more readily grasped than what 
is purely abstract. It can be imagined whereas the 
other cannot. This probably explains why sometimes 
palpably fictitious theories have been more fruitful in 
producing new discoveries than perfectly correct but 
quite abstract formula; ; they appeal to the imagination. 
In fact, as long as the fictitious part of a theory is 
recognized as what it is. and merely an aid to human 
weakness, it cannot do much harm and may even be 
useful. The evil of fictions is the risk of their being 
unrecognized and mistaken for truth. As Plato says. 
It is the he in the soul that matters not the external 
falsehood. 

So much then by way of warning before we consider 
the status and relations of various types of law and 
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theory. Perhaps a further warning is necessary, that 
in such a discussion it is impossible to avoid being 
biased by the particular state of scientific theories at 
the moment. 

§ 30. The enumeration and definition of the charac- 
ters that go to make up a substance or any type of 
body consists in the first instance of the assertion of a 
set of laws holding among sense objects. When we 
say that silver is a substance having a white “ metallic” 
lustre, that it is heavy and ductile and malleable and a 
good conductor of heat and so on, we mean to assert as 
laws the association of a certain shiny whiteness, a 
certain coldness, hardness, and heaviness, and further 
— though these are more complex laws — that these pro- 
perties are associated with a certain behaviour when 
beaten with a hammer and heated and so on. The 
second set of laws are of the causal type and assume the 
existence of a whole body of simpler laws of the first 
type that go to make up the notion of perceptual objects. 
Thus the notion of malleability implies the notion of a 
hammer and its functions, the result of generalizations 
about hard tenacious and massive bodies. Let us 
consider first the simpler sense-object laws only, which 
are sufficient by themselves to form some notion of 
“ bodies” and the beginnings of a theory of perceptual 
objects. 

The relations of sense objects are somewhat vague 
and uncertain, particularly in so far as they depend upon 
qualities of perception. There is something private 
about a 'Equate” and curiously resistant to generaliza- 
tion. From appearance alone we cannot be sure of 
distinguishing silver from other metals in every case. 
It will never be confused with copper or gold but it 
may be mistaken for tin. Of course if we have a 
specimen of silver and one of tin side by side we can 
see a difference in the colours and in the case of thin 
material which can be bent tin can be recognised by its 
peculiar dry crackle — the so-called ‘ ‘ cry ” of tin. But in 
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the case of impure metals and alloys all the (.nlena may 
fail. The clever craftsman can make an alloy of base 
metals of the exact colour of gold and can mix a con- 
siderable amount of copper with his silver without 
altering the colour. All the laws of qualities are vague 
and liable to exceptions But even at this stage there 
are certain generalizations that can be made with greater 
precision. Of the shapes and sizes and motions of 
bodies we can find certain very constant laws. A body 
perceived from different places has different appearances 
but these appearances change, as regards shape and 
size, in a perfectly regular way according as we change 
our relative position. The correlations, too, of seen and 
felt shapes are very constant and exact when made in 
the proper way. In this respect then of spatial lelations 
and properties we can find quite constant lai\s of the 
simplest type. It is of course the constancy and 
precision of these laws that lead to the belief that the 
geometrical properties of bodies are somehow more 
real than the others, so that the same theorizing that 
transferred colours and sounds to the mind of the 
percipient was not applied to shapes and sizes which 
were, by a legal fiction, allowed to belong to the external 
world. 

When we come to consider the more complex type 
of laws holding between bodies as such and not merely 
between sensible qualities of bodies, the laws that are 
traditionally called causal, we find again that most of 
them are very vague and uncertain, but that there are 
a few which admit of greater certainty and precision, 
namely those that are the result of measurement. 

The theory of perceptual objects and of causal laws 
that is accepted now-a-days is a very complex structure 
and has been greatly altered under the influence of 
scientific criticism. It has not developed in a systematic 
way but each objection has been met as it turned up 
without regard to the symmetry or consistency of the 
whole theory. This makes it extremely difficult for 
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anybody to say exactly what we do or do not believe 
about perceptual objects and causal laws, because our 
belief depends upon how much we are under the 
influence of scientific theory or philosophical analysis 
or are merely primitive and naive. Probably our views 
are oscillating and contradictory. 

A perceptual object should be the class of its appear- 
ances, as Russell was the first to point out, but in 
practice we do not attain to such a height of philo- 
sophical exactness. Instead we treat some one selected 
appearance, a complex of sense objects visual and 
tactical, as symbolizing it. When we speak of a chair 
what our imagination presents to us is some particular 
appearance of the chair, a perceptual symbol of the 
chair. The method by which the symbol is selected 
may be more or less rational but it may be and usually 
IS arbitrary and fantastic ; it may even be formed 
inconsistently by including appearances that could not 
appear together. Thus the naive perceptual symbol for 
a human face is a profile with one or even two eyes seen 
in full. This particular symbol may be seen in the 
drawings of primitive people and children. Probably 
even our adult and educated symbols are not much 
better. One at least of the causes of the unsatisfactori- 
ness of causal laws is that it is not clearly recognized 
whether the law holds as between the perceptual symbols 
of the bodies or between the bodies themselves, the 
whole class of appearances. The latter way of regard- 
ing a causal law is undoubtedly correct as the former 
is incorrect, but it would make the formulation of the 
law extremely complex If the law is treated as a 
relation between the symbols it will be simple enough 
but extremely uncertain. This difficulty persists as 
long as we consider only unanalysed qualitative 
resemblances of bodies. Measurement gets over the 
difficulties to a large extent. In measurement the bulk 
of the perceptible qualities of a body are neglected and 
only the geometrical ones considered. These are dis- 
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tinguished, as already mentioned, by the simplicity 
and constancy of their relations. Bodies are then 
compared in respect of one geometrical property under 
certain standard conditions as, for instance, by juxta- 
position. The numerical ratio that expresses the result 
then symbolizes the body, as the ordinary perceptual 
symbol did before. It is of course more abstract and 
meagre than the perceptual symbol but it has the 
advantage of being derived by a rational process and 
not arbitrarily. 

The numerical laws obtained by this means are the 
basis of all exact knowledge. It is woith noting in 
passing that the sciences that have not yet got beyond 
the “ classificatory ” stage are able to advance and make 
their methods precise in proportion as they aie able 
to base their methods upon the comparison of geo- 
metrical properties of bodies. As Whitehead has 
remarked, biological classification is a branch of 
geometry. Simple numerical laws, however, are not 
enough for scientific theory ; they are numerous, special, 
and complex ; and even though more exact than 
other laws they do not hold absolutely invariably or 
exactly. 

Theoretical developments that go beyond simple 
numerical laws and causal laws are intended to intro- 
duce several improvements. They are intended to 
make laws (i) more general (2) moie exact (3) to avoid 
certain complications that make analysis of the trans- 
actions of ordinary bodies difficult. These complications 
are of two sorts, material and formal. The material 
complications are the presence of effects and processes 
which are not readily reduced to order and incorporated 
in laws such as those due to friction and the imperfect 
elasticity of bodies in Mechanics. It is much easier to 
deal mathematically with systems that are frictionless 
and perfectly elastic, and so on, therefore there is an 
inducement to look for them in Nature m case there are 
any such. It is also considered desirable to deal with 
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entities that are conserved, and not variable like ordinary 
properties of bodies ; though the theoretical importance 
of conservation is probably much exaggerated. 

The formal complications are due to the difficulty of 
treating mathematically of the transactions of bodies 
of finite volume as a whole. It is found necessary to 
consider the large scale transactions as compounded of 
minute transactions. Attention is therefore focused 
on the supposed minute parts of bodies which are not 
only destined to provide simpler equations but are also 
supposed to be perfectly frictionless, perfectly elastic 
and perfectly this, that and the other according to 
taste. The immense success of the kinetic theory of 
gases has undoubtedly enhanced the prestige of 
“ microscopic” methods so that every branch of science 
that utilizes physical method has got involved in the 
theory. Even Thermodynamical theory that professedly 
treats only of large scale measurable effects without 
postulating any microscopical mechanism does actually 
derive its cogency from microscopical theory. That 
is to say the Second Law of Thermodynamics, as long 
as only macroscopic processes are considered, appears 
as a rather precarious empirical generalization and is 
open to theoretical objections, which physicists were 
not slow to bring against it. But if it is considered 
as the result of a certain type of microscopic mechanism 
It has a rational basis. It becomes equivalent to the 
assertion that certain configurations of a microscopic 
system such as that postulated by the kinetic theory 
are more probable than others and that the more 
probable tend to replace the less probable. 

I do not wish to enter into the arena of controversy 
in matters of physical theory, and even if I were willing 
I am not competent to do so. All I wish to do is to 
indicate what seem to me the leading characteristics of 
modern theory that are of importance from the point of 
view of method. Modern physics is inevitably wedded 
to microscopic theory and nobody can ignore the success 
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that has attended the use of it. Nobody on the other 
hand should ignore the very large amount of fiction that 
has been incorporated in it. The efforts to eliminate 
the element of fiction are of two sorts — experimental and 
theoretical. 

The experimental method consists in accepting the 
assumption as to the microscopic composition of bodies 
absolutely literally, working out the consequences and 
then seeing what experimental evidence can be got in 
their favour. This method has met with great success 
and has established the microscopic theory very firmly. 
The early mathematical treatment of the kinetic theory 
assumed gas molecules to be massive points or perfectly 
elastic spheres. Now they are supposed to have shape 
and volume (in a special sense) and not necessarily to 
be perfectly elastic or perfectly anything. Not only 
can their numbers and velocities be measured but their 
shapes, and it is even possible to find exactly how the 
atoms, and their component electrons and nuclei, are 
arranged in a crystal.' It is noteworthy that the branch 
of Physical Chemistry which is most stagnant and un- 
productive at the present time and in which the greatest 
number of discrepancies and anomalies are complained 
of is the theory of the liquid state and of solution. It is 
just here that microscopical theory is most backward 
and most difficult. 

The other method mentioned, the theoretical, which 
is unfashionable at the present moment, is to build up 
a theory without assumptions as to the actual minute 
composition of bodies If any such considerations are 
introduced at all they are brought in ostensibly as 
mathematical figments intended to simplify calculation 
and not as representing any real entity. An extra- 
ordinarily interesting attempt to develop chemical theory 

* For the recent developments of the Kinetic Theory, reference may be 
made to Jeans, Dynamical Theory oj Gases and Perrin, Les Atonies , on the 
structure of crystals to H L and W L Bragg, X-Rays and Crystal 
Structure For the investigation of the dimensions and shapes of molecules, 
see Adam, Proc. Roy Soc , Vol loi, p 452, 1922. 
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without the assumption of atoms and molecules was 
made some years ago by Ostwald ^ and has not received 
the attention it deserves. Ostwald pointed out that 
there was no chemical evidence for the existence of 
atoms and very little evidence of any sort (at that time) 
and therefore chemists ought to base their theory on 
actual chemical procedure and on the simplest and most 
general physical laws. Starting from the Laws of 
Thermodynamics and the Phase Rule he showed how 
all the fundamental chemical laws could be developed 
independent of the atomic theory. Considerations 
apparently borrowed from the atomic theory such as 
molecular and atomic weights were introduced as being 
merely convenient fictions. 

It IS one of the strong points of the type of argument 
exemplified by Ostwald that theoretical considerations 
that have an element of fiction are introduced avowedly 
as fictions. On the other hand it is never easy for them 
to explain how the use of anything that is purely fic- 
titious can lead to correct results. This is the strong 
point of the opposite, or mythological, school that if 
their myths are fruitful in correct results and new dis- 
coveries they are so far justified. In fact the controversy 
can be summed up fairly well, I think, by saying that 
the mythological school have usually made more dis- 
coveries than the strict rationalists but that the rationalist 
criticism has cleared away absurdities. It cannot be 
denied that at the present moment microscopical theory 
is in an immensely strong position. 

§ 31. It IS customary to assert, or to deny, according 
to taste, that the end and object of scientific investigation 
IS to find a mechanical explanation of everything in 
Nature. The asserters and deniers never seem to have 
time to explain what they mean by mechanical explana- 
tion, beyond dropping a hint that it has something to 

* Faraday Lecture of 1904 (_// Chem Soc , Vol 85, Trans , 
p 506) The subject is treated at greater length in his Fundamental 
Principles of Chemistry, transl Morse, 1909 
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do with the science of Mechanics, for which the asserters 
express a great fondness, but which has an irritating 
effect on the deniers. The only author, as far as I am 
aware, who has ever paused to consider what the phrase 
means finds that it has at least five different meanings ; 
an excessive allowance. Therefore before we join either 
party it will be as well to consider, with Broad what 
the various meanings are. 

Difficulties underlying the use of the word “ explana- 
tion ” need not detain us Its meaning in this case is 
fairly clear. , It means to describe special laws of nature 
in fresh terms which are more general or better under- 
stood or more familiar than the original ones. Thus 
we say the Kinetic Theory provides a mechanical ex- 
planation of the behaviour of gases, because it displays 
the ordinary gas laws as special cases of more general 
laws, namely, as the macroscopic result of the motions 
and elastic impact of microscopic parts. The real diffi- 
culties come in when we consider what is meant by 
mechanics, what laws, that is to say, are mechanical 
and what are not. The distinctions therefore are not 
quibbles but involve important scientific principles. 

Now in the case of the gas laws, many of the observed 
properties of gases are mechanical in the sense that they 
are measured in terms of the fundamental mechanical 
units of length, time and mass or functions of these. 
Pressures, densities, volumes, rates of diffusion and so 
on are all expressed in C.G.S. units and are so far 
mechanical. But temperature is not mechanical as it 
has its own special system of units. Therefore any law 
of gases which includes temperature in its expression is 
not obviously mechanical. Moreover, the formal ex- 
pression of the gas laws cannot be twisted into a form 
in which it resembles the Laws of Motion or any other 
mechanical law. 

What the Kinetic Theory does is to show that the 
measurable macroscopic properties of gases including 
‘ Prot; Arist. Sac,, Jan 1919, p 86 
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temperature are the result of microscopic transactions 
which are mechanical in a strict sense, for they can be 
completely described in terms of the Laws of Motion 
and the Laws of Impact. This is what may be called 
Microscopic Mechanical Explanation. 

The importance of the Laws of Motion is that they 
are the most general of all laws of physics. They 
apply to all bodies because they are concerned only 
with what all bodies have in common, volume, figure, 
motion and mass. Now in any isolated system (leaving 
out of account a few special cases) mass is constant, so 
that the only variables are Time and Spatial Co-ordinates, 
Geometrical Properties and Relations. 

Any system then will be completely defined from the 
point of view of the laws of motion when we know the 
values of : — 

(1) The Geometrical Properties and Relations 

(2) The Kinetic Energy — a. function of Mass and 

Geometrical Relations 

(3) The External Forces acting on the system 

(4) Certain universal constants, like G. 

The external forces may be of many different types. 
They may be due to gravitation, to Impacts or to other 
causes — Electrical, Magnetic or Chemical effects or to 
Radiation. Gravitational effects are, as Broad argues, 
considered as mechanical in a special sense, because 
they do not involve the recognition of any qualitative 
differences among bodies and they are specially amen- 
able to mathematical treatment. The same argument 
applies to the Laws of Impact in so far as we can 
consider impact as elastic, so that different coefficients 
of elasticity less than unity need not be considered. 
The treatment of Electro-magnetic and of Chemical 
forces presents greater difficulties analytically, and in- 
volves, in the present state of knowledge, the admis- 
sion of irreducible qualitative distinctions among bodies. 
The aim of a rigid mechanical treatment of problems 
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IS to eliminate all consideration of differences of kind 
among bodies and to reduce all variables whatsoever, 
including those due to ‘external forces,’ to geometrical 
ones and to admit no constants except universal constants 
and mass. 

It must be remembered at this point that theoretical 
mechanics always tend to deal with “ideal” systems 
in which certain effects like Friction, Cohesion, Viscosity, 
Surface Tension, etc., whose analytic treatment is diffi- 
cult, are left out of account. Because in most large 
scale transactions effects of this sort cannot be left out 
of account without grave erior, it is assumed, as a 
matter of courtesy, that they are not apparent in micro- 
scopic transactions. As some at least of them, such as 
surface tension, will on the microscopic scale be resolved 
into attractions between molecules, this procedure is 
justified to a large extent. Certain difficulties of this 
type, however, still remain. As Jeans points out the 
assumption that no kinetic energy is lost in collisions 
of gas molecules is quite gratuitous and is only justified 
because the most careful large scale measurements show 
that any such loss must be very small. This is by way 
of warning against the assumption that is too common, 
that even if mechanical theory cannot be applied to 
macroscopic systems, except as a matter of approxima- 
tions, all troubles cease as soon as we turn to microscopic 
systems. 

Most people when they speak of Mechanical Explana- 
tion are thinking of Microscopic Mechanical Explanation 
whereby measurable effects not prima facie mechanical 
are described in mechanical terms microscopically. It 
IS as well to keep in mind, therefore, what Bioad points 
out, that there are at least three different varieties of 
microscopic mechanical explanation, which differ accord- 
ing to the strictness with which the terms admitted into 
the equations used are restricted to purely mechanical 
variables and constants and how far special laws and 
special properties of bodies are allowed consideration. 
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In order to see the results of microscopic mechanical 
explanation let us return to a consideration of the pro- 
perties of gases. One obvious respect in which the 
Kinetic Theory made the study of gases more mechanical 
was that it enabled temperature measurements to be 
expressed in terms of C.G.S. units ; what appears 
macroscopically as temperature being equivalent micro- 
scopically to the average Kinetic Energy of the particles. 
Does this absolve us from the necessity of making 
temperature measurements with thermometers in the 
ordinary way? The answer naturally is, No. 

Let us suppose that there was a race of Physicists, 
in Mars perhaps, who had no sensations of heat and 
cold and consequently no primitive idea of temperature. 
When they were studying the properties of gases they 
would notice a curious thing happening as the result 
of compressing or expanding a gas. When a gas was 
compressed suddenly by a given amount the pressure 
obtained would be higher than that obtained by com- 
pressing It very slowly to the same extent. Moreover 
the pressure obtained by rapid compression would slowly 
sink to the value obtained by slow compression. Sooner 
or later some genius would explain this anomaly. He 
would explain that when a gas is compressed work is 
done on it so that its energy is increased. Therefore it 
must be assumed that there exists a new form of potential 
energy which can be tiansferred from one body to 
another. All bodies would be supposed to possess 
some of It and there would be a tendency for it to pass 
from a region of higher to a region of lower potential 
at a rate varying with the character of the body. If 
we take a cylinder with a piston containing any gas 
and compress it suddenly by a given amount the pressure 
will increase by pj, if we compress by the same amount 
infinitely slowly there will be a smaller rise pg. The 
difference Pi-pg will be a measure of the increment of 
this form of energy obtained by compression. Similarly 
by expansion we can measure decrements of energy. 
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A closed rigid vessel containing a gas and provided 
with a pressure gauge can be used as a measure of 
the potential of surrounding bodies in respect to this 
form of energy, the pressure varying according to the 
potential at which the vessel is kept. In fact a gas 
thermometer would have been invented by the Martians 
although they had no experience of heat and cold, in 
order to explain anomalies in the behaviour of gases. 

Once they had obtained a knowledge of temperatures 
and instruments for measuring it they could develop 
the Kinetic Theory. Before that, while tempeiature was 
still obscurely mixed up with pressure and volume the 
application of the Kinetic Theory would be impossible 
or at any rate very difficult and uncertain. It is 
extremely unlikely that it would be of any assistance 
in elucidating the phenomena of temperature. 

However, the notion of temperature is arrived at, 
whether directly from sensation as we get it or indirectly 
by means of physical theories as our natural philosophers 
of Mars did, the instruments for measuring it must be 
the same in principle. No amount of mechanical 
explanation and theory can liberate us from the necessity 
of using thermometers. The way we arrive at the 
method of constructing and using thermometers may 
alter the names we give to what we measure but it will 
not alter the facts. The Martian physicists, who 
lacking the sense of heat and cold, have been more 
strictly “mechanical” in their methods, will not have 
been helped but hindered in their investigations. 

It may be argued that the Kinetic Theory enables 
us to calculate all the propcities of a gas from a know- 
ledge of the numbers, masses and velocities of the 
molecules, and therefore there is no need of macroscopic 
measurements. As against this it must be pointed out : 
(i) the numbers, masses and velocities, can only be 
obtained by calculation from macroscopic measure- 
ments, (2) the values obtained are not very accurate so 
that macroscopic properties calculated back from them 
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are not as accurately found as they can be by direct 
measurement, (3) the deductions from the Kinetic Theory 
are not simple or easy at the best and if the gas is not 
‘ perfect ’ they become very difficult or even impossible. 
However much microscopic theory we indulge in our 
accurate knowledge of facts is obtained by macro- 
scopic measurements and by these only. The funda- 
mental laws of Physics are and must remain the 
empirical laws that are discovered by measurement. 
Microscopic mechanical theory does no more than 
correlate them ; its use is that of a calculus. It enables 
us to substitute one observation for many, to check one 
observation against another, so that the accuracy of 
knowledge is increased and its range extended. Further 
it puts into our hands a most powerful weapon of mathe- 
matical analysis so that all sorts of remote and other- 
wise improbable consequences can be calculated. The 
real virtues of mechanical theory are so great that there 
is no need to attribute to it virtues it does not possess. 

It must be mentioned that while the Newtonian laws 
of motion are supposed adequately to describe trans- 
actions between molecules there is no good reason as 
yet to believe that they cover transactions wuthin the 
molecule. These may follow entirely different laws. 
In particular the laws of intra-molecular events may 
not be capable of expression as differential equations at 
all, but only ag relations of integers. As microscopical 
analysis of bodies proceeds it may be seen that the 
Newtonian laws do not hold quite exactly at any stage 
and not at all at the last stage This is all a matter of 
pure speculation, of course, but such speculation may 
be useful as showing that the Equations of Lagrange, 
valuable as they are, are not yet worthy of divine 
honours. Physicists seem to have a curious fondness 
for putting something in the position of the Demiurge 
of Plato, the Laws of Motion or the Ether or the 
Velocity of Light, which appears to be latest candidate 
for the post. 
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When special laws are explained in the sense of 
being considered as special cases of more general laws 
It IS necessary to be careful about the business to see 
that the advantage gained is not illusory. A special 
case IS usually special because it is specially complicated. 
Although we may know vaguelj' that it is a special case 
of more general laws we may be entirely unable to make 
any use of this knowledge The difficulty may be 
because (i) the special laws are not yet well enough 
known, or, (2) because the mathematical treatment is 
too difficult. The Kinetic Theory cannot be applied to 
liquids, except in a few special cases, for the second 
reason, that the conditions are such as to make mathe- 
mathical analysis difficult. The special laws of liquids 
are, however, quite sufficiently w’ell knowm to make such 
an application profitable if it were feasible. On the other 
hand the application of mechanical orother physical theory 
to meteorological processes is hindered by the poorness 
of the data available, that is to say the special laws of 
the weather are not sufficiently well known to give the 
application of general physical theory any great value. 

It must be remembered too that the information 
provided by very general and abstract laws is in most 
cases negative ; they tell us what things cannot happen, 
but only in special cases and within certain limits what 
will happen. Mechanical law's supply the greatest 
amount of positive information in the case of machines, 
because machines are systems which are specially con- 
structed so as to reduce the possible varieties of motion 
within very narrow limits. Then on the application of 
external force by human agency (directly 01 indirectly) 
the motion takes place within those limits. For instance 
if you wind up a clock it will go, as a general rule, and 
cannot possibly go backwards. If it does go, its speed 
will not exceed certain limits. But it is not contrary to 
the laws of mechanics for it to go fast or slow or not at 
all. Lastly it will not go unless it is wound up. These 
considerations are so trivial and obvious that it is easy 
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to forget about them. However exactly laws are 
capable of predicting the course of events, the amount 
of prediction actually obtained depends upon the extent 
and precision of the observations made. It is very easy 
to cherish a vague idea that if only your laws are general 
enough it is not necessary to observe at all. On the 
contrary the more general the laws the more precise and 
extensive must be the observations in order to get any 
good out of them. 

The question as to the standing and importance of 
the various forms of microscopical mechanism is largely 
a technical one. Any views held on the subject are 
bound to be coloured by the particular stage of develop- 
ment of scientific theory reached at the moment ; so 
that not much can be said with any great confidence 
about It. There is, however, another matter, another 
possible sense of mechanical explanation of greater 
importance and about which something can be said 
with greater probability. Owing to the characteristics 
of our methods of measurement all our actual observa- 
tions are of geometrical variables. We call the result 
of our measurement temperature or electric potential or 
weight or what not, but what we observe is a length or 
an angle. This point needs no further labouring. 
Broad points out that if we treat our instruments of 
measurement as themselves part of the system of bodies 
studied, our only variables will be geometrical and we 
should have accomplished a special kind of mechanical 
explanation which is of universal application. Broad 
calls this Metrical Macroscopic Mechanism. The result 
of such a method of expressing results would be that all 
processes and states of any system to which measure- 
ment can be applied could be expressed in terms of 
(i) Geometrical variables, (2) Certain special constants 
depending on the nature of the instruments and other 
parts of the system, (3) Certain universal constants. 
Doubtless the equations obtained could be cast into a 
form similar to the laws of motion. 
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Whether it would ever be profitable to work out the 
results of investigation in this way is difficult to say. 
Certainly it has not been tried. However that may be, 
the notion is an important one, because we know that 
outside the region of measurement there is little reliable 
knowledge to be found ; and we know too the peculiarly 
important position of the spatial and temporal relations 
of bodies. 

§ 32. We must now turn to consider a question 
about which much ink has been spilt, namely the 
controversy about the applicability of “mechanical 
explanation ” to biological processes and the sufficiency 
of such explanations to solve the problems presented to 
us by living things. The methods of controversy 
adopted remind me of the tactics of certain marine 
creatures — Holothunans — when they are attacked. 
These ingenious animals, who have no obvious means 
of defence, eject from their interior vast masses of soft 
stringy material, and so entangle and bemuse their 
adversary with these Laocoon-coils that they are able to 
retire to some place of safety and reconstruct their 
internal economy at leisure. So do the Vitalists and 
Mechanists both, when challenged on these matters, 
produce from the interior of their minds a vast mass of 
soft and stringy metaphysics with which to entangle 
the questioner and keep him quiet till they have retired 
from sight into their den of impenetrable ignorance. 
For so little is known about living things that anybody 
can imagine anything he likes. Most of the problems 
have not even been stated, much less solved, and it is 
absurdly easy to say that the solutions of these unknown 
problems will be this, that, and the other, or that there 
will be no solution at all. 

I think anybody who has seriously investigated 
living things, not to prove any metaphysical system, 
but as far as possible with an open mind and in a 
spirit of pure enquiry, comes to much the same opinion 
in the end. He sees how curiously dependent life is on 
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the physical laws of its environment and how it is, as it 
were, soaked in them ; and yet how independent it is 
in some respects and how unlike anything that is not 
living This idea has been well expressed by Professor 
A. V. Hill,^ and I cannot do better than quote his words. 

“ The living creature is a very strange thing. Here 
It IS in a physical, material, mechanical, chemical 
universe showing the most extreme dependence on 
physical conditions. It dies if it be frozen, or boiled, 
or deprived of food ; it does not like strong acids, or 
ultra-violet light, or x-rays, or tri valent positive 10ns ; 
Its properties depend to a most extraordinary degree on 
those of water ; it conducts electricity ; it obeys the laws 
of motion, of the conservation of energy, of the con- 
servation of mass ; and yet at the same time it shows, 
in Its simplest forms, a complexity, an apparent purpose- 
fulness, an individuality, defying any physical hypothesis. 
One could treat a chemical theory of consciousness, or 
a physical theory of heredity, or a mechanical theory 
of intelligence, only one degree more seriously than 
the instruments recently designed by Mr Edison for 
facilitating telephonic communication with the next 
world. And yet, deprive the brain of oxygen for a few 
seconds and consciousness is gone ; remove the thyroid 
, gland and a beautiful and intelligent child becomes a 
hideous imbecile ; subject the egg-cell of some species 
to an appropriate salt solution and an individual will 
develop without a father. The absence of certain 
chemical bodies prepared inside the body by the thyroid 
gland, the lack of oxygen to carry on certain necessary 
combustions in the brain cells — both simple chemical 
changes — have obliterated the essential characters of 
the highest form of life Wherever we look we find life 
in only one form, composed of compounds of hydrogen, 
oxygen, nitrogen, and carbon, living between certain 
narrow limits of temperature, giving out exactly as much 
energy as it takes in, dependent on the supply of food- 
stuffs from outside, exhibiting certain electrical properties, 
poisoned and destroyed by the most absurdly small doses 
of certain chemical substances.” 

It is natural for anybody of a sanguine temperament 
who is impressed by the dependence of life on physical 

' British Medical Journal, May 21st, 1921 
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circumstances and by the large amount of circumstantial 
evidence that has been accumulated to think that he is 
only a short way from the solution of every problem. 
He thinks he is delivering a final assault on the very 
citadel of Life itself ; then, when the heat of the combat 
is over and he can look round at what he has accom- 
plished, he finds that it is only an insignificant and 
almost undefended out-work that he has taken, and the 
citadel is as far off as ever. Now it is the turn of the 
pessimist, who says it is no use fighting any more, for 
the fortress is defended by a great magician against 
whose spells no material weapon can prevail. Let us, 
therefore, he urges, see if we cannot use a little magic 
ourselves and defeat the adversary with his own weapon. 
On the one side the Mechanist runs round in circles 
uttering hoarse cries of victory, on the other the Vitalist 
crouches over his cauldron muttering incantations ; and 
nothing comes of it all. What is a reasonable man 
to do? 

The first thing the reasonable man must do is to be 
content with a very little knowledge and a very great 
deal of Ignorance. The second thing he must do is to 
make the utmost possible use of the knowledge he has 
and not waste his energy crying for the moon. The 
third thing he must do is to try and see clearly where 
his knowledge ends and his ignorance begins. Perhaps 
these are counsels of perfection, but they are better than 
nothing. 

It so happens that no accurate knowledge of the 
external world has been attained as yet without the use 
of processes of measurement, which, as we have seen, 
involve by the use of mechanical devices the actual 
observation of geometrical variables only. As it further 
happens that by far the greatest body of known laws 
are those of physics and chemistry, and that of these 
the simplest and most general are the laws of motion, 
it follows that something very like “ metrical macroscopic 
mechanism ” is true of the general body of exact know- 
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ledge at the present day. If anybody wishes to break 
away from this tradition, and investigate living things 
or any other portion of the world by other means of 
investigation there is no theoretical objection to his 
doing so. There is only the purely practical objection 
that he has an extremely difficult task before him, in 
which nobody appears to have succeeded as yet. The 
plea that the ordinary “mechanical ” method of investi- 
gation never tells us all we want to know about living 
things (or indeed about anything else) and that, there- 
fore, we must abandon it, is obviously absurd. It is as 
though a man refused to eat any food because he could 
never eat all the food in the world. The important 
point is that the “mechanical” method gives us some 
knowledge and in fact gives us very nearly all we have. 
It IS no use quarrelling with it because it is not perfect. 

Let us consider an instance of a very successful 
generalization about living things, Mendel’s law of 
inheritance. It is not obvious that it has any logical 
connection with the laws of motion, but it is clearly a 
discovery of a type that can fairly legitimately be called 
“mechanical” because it is of very much the same 
general form as mechanical laws. In the first place it 
involves processes of measurement of a sort, in the 
second place it is assumed that the organism can for 
purposes of study be treated as a mere aggregate of 
isolable characters. This is the kind of assumption 
against which the criticism of “Vitalists” is likely to 
be directed (processes of measurement they can put up 
with to some extent). The criticism is, I think, entirely 
misdirected as against the legitimate use of such an 
assumption. It is obviously the simplest assumption to 
make from the point of view of method and if it is false 
in any particular case, as it sometimes is, its falsity 
will be apparent, and allowance can be made for that 
particular case. For instance the heritable characters 
an animal possesses are not always found to be quite 
indifferent to one another, but some have complex 



THEORIES 


179 


inter-relations which are gradually being unravelled by 
investigators. Because the original assumption over- 
simplified the case there is no need to give up in despair, 
it is merely necessary to introduce suitable modifications. 
It is obviously always necessary to start by assuming 
that the case investigated is absolutely as simple as 
possible. If it is not so, no serious disaster follows. 
But if we assume that a case is more complex than it 
is, not only do we make things harder but vve are likely 
to falsify the whole statement of the problem and to 
get irretrievably muddled up. Criticism of Mendelian 
methods of investigation on the ground that they do 
not give us a true insight into the nature of living 
things and over-simplify the problems, are obviously 
beside the mark. 

This question as to whether living things can legiti- 
mately be treated as atomic systems or as organic is one 
of importance. An atomic system is one in which the 
laws of the parts composing the aggregate are not 
altered by the fact of their being parts of the aggregate 
so that the laws of the aggregate as a whole are some 
simple function of the laws of the independent parts. 
An organic system on the other hand is such that the 
parts act differently when combined and in isolation, so 
that the law of the aggregate may not be a function of 
the laws of the separate parts at all, or, if it is, is a very 
complex function. In any investigation it is a great 
simplification and convenience to be able to treat the 
system dealt with as atomic and not as organic because 
the investigation of an organic system is intolerably 
difficult. But in the case of living beings it is not safe 
to assume that they are atomic in any respect until we 
have got positive evidence that they are. On the other 
hand, as just mentioned, the errors that spring from the 
false assumption of atomicity are really not so serious 
as those likely to spring from the opposite assumption. 
It must be remembered too, that it is not necessarily 
only living things as such that are organic — if they are 
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— but there is no definite evidence as yet to prove that 
complex chemical compounds may not be organic in 
this sense.^ 

Those who have contended, with Dr J. S. Haldane, 
that the living organism must be considered as a whole 
or as a unity, have been contending for some such point 
as this, I think. But to say that the organism must be 
treated as a whole is a very bad way of putting it, 
because in those respects in which it has to be treated 
in this way it is very difficult to discover anything 
about it. Haldane’s own researches are a very valuable 
example of how much knowledge we can obtain about 
the whole organism by considering its parts in isolation. 

Those biologists {e.g. Prof. J. A. Thomson) who 
have argued for the autonomy of biological sciences, 
have been putting forward another important point, that 
in other connections has been mentioned already. That 
is, that every region of nature must be first examined 
independently in order to find the special laws of that 
region before it is any help applying general laws from 
other regions. It is only after preliminary work in 
which ordinary physical laws have no part that we can 
apply general physical laws to biological or any other 
studies. 

§ 33. There is one respect, in which a valid criticism 
of ‘ ‘ mechanical ” methods can be made on the ground 
that they are inadequate. There is a class of questions 
about natural objects which can be asked and in a few 
cases answered, and the very existence of which is 
not contemplated by mechanical methods. These are 
questions that ask “ What for?” Teleological questions 
in fact, though the word teleological has been so much 
abused that it is better to leave it out of account altogether. 
It is absurd to ask what the North Pole is for, but it is, 
not absurd to ask what the Forth Bridge is for. In fact 
it IS possible to answer that question fairly satisfactorily. 
The Forth Bridge is for trains to go over. The reason 
1 Cf Broad, Free Anst. Sfc., Jan, 1919, p. 112 
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for the difference is that the Forth Bridge is a machine 
or instrument and the North Pole is not, as far as we 
know. It is therefore as absurd to ask what the North 
Pole is for as it is to ask what is the colour of the smell 
of cheese. In either case the reply can be only a figure 
of speech. To return to the Forth Bridge, the statement 
that the bridge is for trains to go over is rather elliptical. 
What IS meant can be expanded into some such form as 
this, “ Men want to travel between Edinburgh and 
Dundee as quickly and easily as possible, and the Forth 
Bridge has been constructed to fulfil this purpose. This 
it does satisfactorily.” That is to say in order to answer 
the question “What for?” we have to say for what 
human purpose. If there is no human purpose known 
in connection with the subject of the question, the ques- 
tion as a rule cannot be answered, because we know 
extremely little about purposes that are not human, or 
about any other sort of mental activity that is not human. 
Nevertheless it appears legitimate to ask questions of 
this sort in a number of cases where there is obviously 
no human purpose involved. When I say it is legiti- 
mate to ask the question, I mean simply that even 
though no answer is known there is a reasonable ex- 
pectation that an answer could be given if we were able 
to carry out the requisite enquiry. Thus it is legitimate 
to ask what was the purpose of the statues on Easter 
Island, though no answer is known ; but it is not legiti- 
mate to ask what is the purpose of a solar eclipse, 
though at one time people who treated eclipses as 
Signs or Portents thought they knew the answer. The 
particular cases I wish to discuss in which questions 
involving a purpose, but not a human one, appear to 
be legitimate is the case of the actions and bodily 
structures of animals and plants. Thus we call certain 
parts of an animal’s body “organs” which means 
nothing but instruments. A man’s hands and kidneys 
are instruments in that they subserve his purposes just 
as machines do, the only difference is that the hands 
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subserve mostly conscious purposes, the kidneys un- 
conscious purposes. If this is true of a man’s hands 
and kidneys, surely it is true of a frog’s hands and 
kidneys even though he has hardly any conscious life 
at all. The same arguments that apply to bodily 
structures apply to actions. Thus we say a man eats 
to assuage his hunger, and we may presumably say 
the same of a frog. 

Now there are two points that must be made clear. 
The first is that no amount of description of things in 
terms of physical laws can tell us what anything is for. 
There is nothing in any law of Physics to tell us that a 
clock is for keeping time. The laws of nature tell us 
that the hands go round at a particular uniform speed 
and that is all. But the second point is that though a 
knowledge of natural laws cannot from the nature of the 
case tell us what anything is for, it is much more useful 
for the purpose of controlling and predicting events. A 
child may know what a clock is for but he cannot put it 
right. But a clock could in some cases be put right by 
a mechanic who did not know what it was for. Strictly 
all he needs to know are certain mechanical laws and 
the fact that the hands are required to move at a certain 
speed. The sort of consequences that follow from a 
knowledge of the answer to questions about purposes 
are different from those that follow from knowing the 
answers to “ mechanical ” questions If I want to meet 
Jones when he is in London it does not matter whether 
he is going there to see his aunt or to go to the theatre, 
what I want to know are the mechanical facts as to when 
he arrives and at what station. On the other hand if I 
want to persuade Jones to go to London with me it is 
important to know what his purposes are with respect 
to his aunt or the theatre. 

The laws of nature hitherto discovered tell us nothing 
about the purpose of anything but they tell us a lot that 
we very much want to know. If any man of science 
set himself to try and answer questions about purposes 
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as well as the other sort there seems to be no harm in it, 
but he ought to be clear that he is embarking on an 
entirely new type of enquiry and that any results he 
arrives at will not do much to enlarge his knowledge in 
that direction, that an investigation of natural laws along 
ordinary lines would. As far as I know Historians are 
the only people who are occupied with answering both 
types of question, the “ mechanical ” and the purposive. 
The historian wants to know not only what Mary, 
Queen of Scots, did on the evening of the 9th of 
February 1567 but also why she acted so, what were 
her motives. Some historians, I believe, claim that 
what they study is a branch of Natural Science, but it 
seems doubtful. At any rate historians seem to deal 
almost entirely with particular facts and hardly at all 
with laws. 

It would, of course, be very unwise to try to lay 
down the law about it, but it may be suggested that the 
scientific study of living things does not for the most 
part depend for its progress on our ability to answer 
questions about purposes. It is possibly sufficient to 
recognize the fact that in certain cases there are such 
questions. What makes it difficult to be quite sure 
about the matter, is not the arguments of the Vitalists, 
but the actual practice of biologists. Biologists do 
frequently use expressions which imply a knowledge 
of purposes and sometimes treat such knowledge as 
“explaining” things. For instance, the strange and 
disastrous migrations of the lemmings of Scandinavia, 
are events that obviously ask for an explanation of this 
sort. Apparently we must assume that the lemmings 
are actuated by some queerly perverted motive for racial 
preservation when they are overcrowded or food is 
scarce in their ordinary habitat. But it is hard to see 
what IS attained by either asserting or denying such 
“explanations”. They may be mere figures of speech. 
But in any case it does no harm to acknowledge that 
there is something we can only call a motive or purpose 
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at work among the “minds” of the lemmings though 
It may be quite impossible to say anything definite 
about it. 

That living things have all got minds seems a very 
wild assertion and a dangerous one too. It is only 
too obvious that many biologists who call themselves 
Vitalists fight shy of it. Most people would admit 
fairly readily that the higher vertebrates we are familiar 
with, dogs and cats and horses and so on, have minds 
and might even allow frogs and fishes and lobsters 
to have minds. But when it comes to sponges and 
cabbages, it seems absurd. The fact is, all knowledge 
of minds is based on analogy with our own minds, or 
more precisely between the systems formed by our 
minds and bodies and other minds and bodies, and 
where the bodily analogy is remote or apparently non- 
existent the mental analogy breaks down too. 

There hardly seems to be any sufficient basis of 
evidence on which to discuss the question whether 
living things in general have minds, and this question 
is best left unanswered. But it does appear to be a 
fact there are animals that have minds and investiga- 
tion of those animals, of whom man is one, cannot 
profess to be complete unless account is taken of this 
fact. If we are going to take account of minds as part 
of the external world it is open to us to investigate them 
and elucidate their laws in the same way that we investi- 
gate physical laws. The fact that such studies have 
made little headway as yet does not affect the question. 
The study of Psychology, whatever may be said against 
it, does seem to have got far enough to vindicate itself 
as a possible and rational branch of science. Admittedly 
we are faced with very great difficulties when we come 
to consider what is the relation between the objects the 
psychologist talks about — mental states and processes 
and the purely physical neural processes the physiologist 
talks about. It is clear that the connection is most 
intimate, so much so that language does not distinguish 
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steadily between the two sorts. The Physiologist uses 
words that are strictly applicable only to minds, with 
which he is not concerned, and the Psychologist words 
that are strictly applicable only to brains, with which 
he is not concerned. This certainly leads to some con- 
fusion, whether it also leads to serious fallacies is not so 
easy to say, but it looks as though it ought to. 

The things of the physical world that common sense 
and science deal with are parts of everybody’s experience 
or have definite relations to experience. This is not the 
case with mental things. It is only the events in a man’s 
own mind that come within the range of his experience. 
What happens in minds other than his own, he can only 
get at in a very roundabout way, utilizing what he 
knows about his own mind, and a symbolic correlation 
between mental and physical events. The symbolism 
is that of bodily expressions and gestures and more 
particularly of words. Thus we say that a dog wags 
his tail when he is pleased. There is no causal or 
functional relation between a vvagging tail, which is a 
complex of events in the physical world, both for the 
dog who is wagging it and for the onlooker, and the 
state of feeling pleased which is the dog’s peculiar and 
private mental property. But there is a symbolic 
relation which is understood by all dogs and men. To 
a cat, who expresses pleasure in a different way, it is 
probable that a dog’s action in wagging his tail is rather 
puzzling. The interesting question about all this is 
how human beings who cannot wag their tails come to 
understand canine symbolism. It is presumably because 
we know what sort of things please us and consequently 
infer, mutatis mutandis, what sort of things please dogs 
and we observe that on the occasions when we expect 
dogs to be pleased they are usually wagging their tails. 
All knowledge of the mental states and processes of 
others must obviously begin in this kind of way. This 
is not a matter that it is necessary to pursue any further. 
The point I want to emphasize is that the relation between^ 
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the bodily expression of states of mind and the states 
of mind IS arbitrary and conventional, so that nobody, 
who had not got a mind and body of the right sort 
himself, could discover the relation. In order to provide 
the necessary basis for a system of knowledge of this 
kind it is not only necessary that the observer have a 
body and a mind, but that there be a mind correlated 
with the observed body. If somebody made a machine 
in the likeness of a dog, so constructed that it wagged 
its tail when it was stroked, we should be mistaken in 
thinking that this dog had a mind, if that means a mind, 
related to its body in the same kind of way that a man’s 
mind IS related to his body, whatever that may be. But 
we should be perfectly right in supposing there was a 
mind involved in the business somewhere, namely the 
mind of the man who constructed the imitation dog. 

There are clearly cases where we may think we find 
a body-mind symbolism but without sufficient reason. 
Some people have thought that eclipses formed part of 
such a symbolism, that they were signals from some 
superhuman power and had relevance to human fortunes. 
This theory is not now believed at all widely. The 
cessation of this kind of belief might be attributed to 
the discovery that eclipses are due to the operation of 
mechanical laws. If this is so, I fear I am unable to 
follow the argument. It is reasonable to suppose that 
the works of Shakespeare were written by him in 
accordance with the operation of mechanical laws, but 
this IS not usually taken to imply that Shakespeare had 
not got a mind or that his works are meaningless. In 
the matter of eclipses there is of course a much better 
argument against the theory that they are parts of a 
body-mind symbolism. If an eclipse is treated as a 
signal from some god to men, the god is singularly 
unsuccessful in getting his message through. Nobody 
knows what it means, and few care. A symbolism 
nobody understands is not really a symbolism at all. 
The real argument against the predictions in Old 
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Moore’s Almanac which profess to be based on the 
motions of the stars is not that these motions are 
g-overned by mechanical laws, but simply that the 
predictions are not true. 

It follows from all this that the evidence for the 
existence of other minds does not differ widely from 
that for natural laws. If we fail in establishing a 
system of symbolism as between alleged minds so that 
our predictions about the actions of the other person 
based on this symbolism are falsified, the evidence in 
favour of the existence of other minds is in this case 
weakened. If a dog when he wags his tail is just as 
likely to bite a man’s hand as to lick it, it tends to 
throw doubt on the theory that he has a mind, in so 
far as the tail-wagging symbolism is part of the 
evidence. Of course it may be simply that the dog 
is mad or a born liar. On the other hand we can 
say that a uniformly successful symbolism, such as 
language among men, is very good evidence for the 
existence of other minds and is as good evidence as we 
can possibly hope for from the nature of the case. But 
it obviously all depends on our certainty of the existence 
of our own mind and any detailed knowledge of other 
minds IS based on analogous detailed knowledge of our 
own mind. That indeed seems to be the great difficulty 
about psychology at present, that you cannot get to 
work directly and observe a mind but have to interpret 
other minds in the light of your own, and when that 
light is mostly darkness, the prospect is sombre. 

There is a hope that the advance of knowledge of 
the physiology of the brain will enable us to some 
extent to get round the difficulty, but at present this is 
not much more than a hope. And there is a further 
difficulty that mental processes cannot reasonably be 
confined to the class of conscious processes. 

We may be allowed to extend the bounds of scientific 
enquiry to include the study of minds. Can we also 
include the study of what are vaguely known as miracles, 
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supernatural, and spiritualistic phenomena? The reply 
must be, yes, if they can be studied by the methods of 
observation and experiment and if no fundamental 
assumption is required which is contrary to what is 
generally held to be true about the external world. 
That is to say, we must be prepared for the possibility 
of finding what we think are laws of nature break down 
in special cases, but we must not start off with the 
assumption that any are false. We must also follow 
ordinary methodological rules and refuse to accept a 
complex hypothesis or one invented merely ad hoc for 
a special case, unless theie is no alternative. For 
instance the process known as ‘ levitation ’ for the 
reality of which there seems to be quite respectable 
evidence is obviously quite amenable to investigation 
by ordinary scientific methods, and if investigated 
might prove of considerable interest. All the alleged 
occurrences of a spiritualistic character are clearly open 
to investigation. The immense amount of imposture 
and humbug that surrounds the business makes proper 
investigation much more difficult than it would other- 
wise be if people who want to be imposed upon had 
left the matter alone, but really it only makes rational 
treatment all the more necessary, because there seems 
to be at least a residue of facts for which there is no 
proper explanation in terms of existing knowledge. 

There is only one sort of thing that can never be 
dealt with by the ordinary methods of science, that is 
what is unique. It is of the essence of the method of 
investigation that occurrences should be capable of 
repetition under controllable conditions. Therefore that 
aspect or part of anything which is unique and not 
capable of being reproduced is outside the range of 
investigation. It is obvious that this must be so and 
equally obvious that very little is lost by this limitation. 
If something can never happen again the kind of know- 
ledge we require about it is obviously very different 
from the kind of knowledge we want about things that 
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may happen again. We want to know what happens 
when we take arsenic, because we might take it any 
day, but we do not want to know it in at all the same 
sort of way, what happens when Julius Caesar dies, 
because he only dies once. If we are interested in the 
death of Caesar it is because we are interested in the 
particular fact itself and in the human emotions and 
desires connected with it. We know that the class of 
events “ Deaths of Julius Caesar’* has only one member 
and is of no scientific interest. Our scientific curiosity 
can only be roused if we treat it as a member of a class 
that has many members — deaths by violence, assassina- 
tions of tyrants, last hours of great men, and so on — 
all these are legitimate subjects for scientific treatment. 

In conclusion we may say that scientific method is 
simply the attempt to acquire knowledge of general laws 
directly or indirectly by experience, by the use of our 
five senses. The only limitations that can be assigned 
to the applicability of this process are those due to the 
character of experience. Anything that is logically 
related to experience by discoverable laws and is capable 
of description in general terms can be dealt with by the 
scientific method. Where precisely these limits are to 
be drawn it may be difficult to determine and is in any 
case quite unnecessary. 
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Conclusion 

§ 34. It has been pointed out by Bergson that Greek 
Science was concerned chiefly with genera^ whereas 
modern science is concerned with laws. For Plato and 
Aristotle the genus ‘ horse ’ was not simply the collection 
of all horses, not sziety/ or a/tj/ horse, but it was the good 
horse. It is customary, but misleading, to translate 
their notion as the ideal horse. In modern language an 
idea means a thought, and an ideal thing is something 
simply thought of or imagined as opposed to something 
real or existing. This was not at all what the Greeks 
meant. It was not even what a modern biologist would 
call a type. The typical horse or the type of horses is 
simply a sort of average of horses ; it is not the same 
as any or every horse, but it is a notion derived from 
them. The type consists of the common characteristics 
of any large collection. 

The conception of the normal individual comes nearer 
to the old idea than any other modern scientific notion, 
and this we must discuss to see where exactly ethical 
considerations come in and how far they are legitimate. 
When we speak of normal vision or the noimal eye we 
are not referring to what is true of the eyes of any 
individual or of every individual, not even of what 
is typical of the whole class. The typical condition may 
quite possibly be abnormal. The normal eye is one 
in which ail mechanical defects in the apparatus of 
vision are at a minimum. Since the defects are as 
likely to be in one direction as in another, it will 
commonly happen that the typical eye in any group 

corresponds very closely to the normal eye. In the 

in 
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case of the eye we can define accurately and in a manner 
suitable for scientific investigation what is meant by 
normality, and it is clear also that the normal eye is 
the good eye. The good eye as Socrates would say, 
is the eye that is good for seeing, just as the good 
cobbler or statesman is the man who is good at cobbling 
or governing. To discern which eye is good we must 
be able to state what is the end or purpose of the eye. 
This we can do because the eye is an instrument or tool, 
it has a precise and limited function such that we can 
define aicurately the conditions under which it fulfils 
these functions. But observe, it is only in certain cases 
that we can define the functions of anything at all 
strictly. Plato, when he spoke of the good man or 
the good horse, conceived that there was one definite 
end for men and one for horses and that the end was 
discoverable and definable. Men and horses were so 
far like eyes, they were instruments, though, unlike 
the eye which is an instrument that subserves an external 
end, their ends might be internal, they might be ends 
in and for themselves. Plato was at great pains to 
discover and define the end and function of man both 
as an end to himself, and as part of the community. 
He made the attempt because he conceived of the end 
as being fixed and eternal and because he thought 
that men in spite of their differences could all fit in 
as organic parts of a single society. 

The point of all this talk is to bring to light certain 
snares and pitfalls which beset the introduction into 
scientific discussion of such a conception as that of 
normality. We can define the normal eye because the 
eye is a part only and obviously an instrument, and we 
know exactly what it is for. We cannot define the 
normal man unless we know exactly what he is for, 
and we are not half so sure we know this as Plato was. 
At any rate, in order to define what is meant by a 
normal man we must have a complete theory of ethics, 
politics and religion, which is at present lacking. More- 
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over, so far as our theories go they do not suggest that 
the end of man is necessarily single or fixed. We are 
prepared to believe that there may be many different 
ends and goods for different men ; and we do not 
admit this plurality of ends only in Plato’s sense, that 
individuals with different capacities have different places 
and different functions within one society. It may be 
that there are different and even incompatible goods for 
men, so that they cannot successfully co-operate in one 
society, although each man is capable within his own 
sphere of attaining his own perfection. Thus the end 
of the European may not be the same as that of the 
Asiatic or the Negro and their ends may be incompatible 
as long as they all try and form members of one com- 
munity. But each apart may be able to pursue his own 
ends in a society of his own race. 

This conception of normality, which is fundamentally 
ethical, must be used with great caution. It is legitimate 
for scientific purposes only if we can define the end and 
determine by observation how far any individual deviates 
in any direction from its attainment. We cannot do this 
at all successfully in che case of a whole organism such 
as a man or a horse, but we can in the case of certain 
parts of organisms when these are considered in relation 
to the whole. 

Considering the function of the eye and what are the 
conditions of normality helps us to understand the whole 
organism of which the eye is a part, but it does not help 
us to find out anything about the eyes themselves. We 
can only discover how eyes work by observing actual 
eyes, and the conception of normality is of no help. If 
we did happen to know what the end of man was, and 
what men were normal with respect to it, it would tell 
us nothing about actual men though it might tell some- 
thing about the state or about God. If the conception 
of normality is to be useful and not entirely vicious in 
biological investigation these limitations must be kept 
in view. 

N 
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In actual practice the conception has been used in a 
very muddled way. It is usually mixed up with the 
notion of the type already mentioned, which lends to it 
a certain degree of plausibility. The trouble comes 
from not considering at the outset of an investigation 
what It IS that is wanted. In dealing with living things 
you may investigate (i) the ends for which they live 
and how far they fulfil them, or (2) the way their bodies 
and minds are constructed and work. It does not seem 
possible to prosecute both investigations at once. For 
investigation (i) the idea of normality may be useful, 
for (2) the idea is of restricted use when it is applied to 
the relation of the parts to the whole, but the idea of 
the normality of the whole organism will not help us 
to find out anything about that organism. On the 
other hand ideas such as that of the typical organism 
are of use for investigation (2) but not for investigation 
(,r). Further it must be remembered that investigations 
of type (i) have not in the past been so successful as 
those of type (2). 

The notion of a class, then, which is likely to be 
valuable for scientific reasoning along traditional lines, 
will exclude such extraneous ideas as we have been 
discussing. That is to say, a class is simply a collec- 
tion of “things ” which have as a matter of fact certain 
relations and characters common and peculiar to them- 
selves. The laws which it is the business of investi- 
gation to establish are the relations or characters which 
are found, as a matter of fact, to be true of any or every 
member of the collection. Emphasis is laid on the 
necessity of treating the characters and relations of 
classes as matters of fact to be discovered by observa- 
tion and not asserted as a matter of definition. 
We can, if we like, make classes by definition and 
find laws among them by deduction, but the result 
will not be scientific knowledge ; it may possibly be 
pure mathematics but it is more likely to be pure 
nonsense. 
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We can speak of classes and relations, of universals 
in this sense, without prejudice to the questions at 
issue between Realists and Nominalists. The question 
whether there is an essence which exists apart from 
’individual horses, is one that loses most of its interest 
and importance when one gives up the old ‘ethical’ 
view of the nature of kinds. In fact, it becomes little 
more than a matter of words. On the other hand, it 
makes Conceptualism rather a dangerous doctrine. 
We may reasonably attribute the individuals and 
the collection of them to one real world, or we 
may say the individuals are essential and the collec- 
tion merely a name or sign. But if the individual 
is an essence in the external world, and the class or 
collection an essence in the mental world, a new and 
horrible form of the bifurcation of nature seems to be 
suggested. 

This question of the meaning of normality has been 
discussed as illustrating the troubles encountered when 
anybody incautiously oversteps the traditional limita- 
tions of scientific method without realizing what he is 
doing. A great deal of theorizing in biological science 
is vitiated by the introduction of extraneous ideas and 
a great many pseudo-problems have been created. 
Fools are constantly rushing in where Darwin took 
care not to tread. 

§ 35. People have noted with admiration how the 
progress of scientific enquiry is like the growth of a 
coral reef; each generation of little toilers building a 
sure foundation on which their successors may build 
yet further. The simile is apt in many ways, and in 
one way in particular that is worth considering. When 
we see how industrious and how prolific are the coral 
insects, our chief astonishment should be, not how vast 
are the structures they have built, but how few and 
scattered. Why is not every coast lined with coral? 
Why is the abyss of ocean not bridged with it? The 
answer is that the coral only lives under certain limita- 
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tions ; it can only thrive at certain depths, in water of 
certain temperatures and salinities ; outside these limits 
It languishes and dies. Science is like the coral in this. 
Scientific investigators can only work in certain spots 
of the ocean of Being, where they are at home, and all 
outside is unknown to them. Of what may be outside 
the region of the known it is forbidden to me to speak ; 
others more bold may conjecture that it is finite or 
infinite according to their fancy. If any of the larvas, 
to return to our simile, drift away from their homes, 
most will perish and leave no trace, but some may find 
a rock on which they can build and found a new colony. 
Physical science has occupied the most fertile regions 
of enquiry, but outside these regions little colonies of 
knowledge are to be found, some flourishing and some 
languishing. We do not know how far afield these 
colonies may reach in future, nor do we know if they 
are all founded on the same reef and will ultimately 
join to make one structure. In order to keep away from 
what is only guesswork we must pay attention chiefly 
to the main structure of knowledge, physical science. 
When we find that this knowledge has developed 
under certain limitations it is necessary to decide 
how much of the limitations is a matter of necessity, 
how much a matter of convenience, and how much 
merely accidental. Is growth possible under other 
conditions or only difficult? If it is possible how 
much will change in the environment, change the 
form of the structure? All these are difficult questions 
to answer. 

Notwithstanding the difficulties of the subject, certain 
philosophers have made a great show with discussions 
of the supposed limitation of scientific enquiry. They 
have argued that science cannot do this, and science 
cannot do that, and iJurefore some system of philosophy 
is true. Sometimes they seem to talk sense but more 
often nonsense ; at any rate they have all a metaphysical 
axe to grind ; they want to prove something about the 
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ultimate nature of things.^ There is no objection to 
metaphysics as such, quite the contrary ; in its own 
place it is admirable. All metaphysical systems have 
originated in some view as to the nature of the whole 
universe, that it is One or Many, th^t it is ultimately 
Pure Thought or Pure something else. They have 
also involved some view of the nature of the Good. 
Any validity a metaphysical system has it derives from 
some such dogma. Beliefs of that sort are not obtained 
through experience by means of the five senses. Neither 
are they laws of logic, t.e. formal propositions as to the 
nature of propositions ; for they are not formal at all 
but material. They are not hypotheses put forward to 
be rejected or confirmed by experience, for experience 
has no part or lot in them, and can neither reject nor 
confirm. They have no basis in common with the 
propositions of science. That is not to say they have no 
basis at all, but that they are based on ‘ intuition ’ as it 
may be called for lack of a better name. Nobody, 
however hard he tries, c.an avoid having some meta- 
physical beliefs. If he does not work out his metaphysics 
systematically he does not avoid any difficulties, he 
merely represses them. Unconscious metaphysics is 
pretty sure to be bad metaphysics. 

Therefore, I am not quarrelling with metaphysics, 
only with its misuse. I consider it a misuse when it 
is asserted that the results of scientific enquiry or the 
failure of scientific enquiry to produce any results have 
any metaphysical bearing, or when the supposed 
limitations or fundamental assumptions necessary to 
scientific enquiry are asserted to have such a bearing. 
By a metaphysical bearing, I mean, either that some 
particular metaphysical theory is supposed to gain 

^ I need hardly say 1 am referring to M Bergson and his followers, and 
to certain thinkers of a Hegelian tendency, such as Lord Haldane As the 
writings of these authors are incomprehensible to me I am naturally not able 
to criticize them I can do no more than apologize for the fact that all their 
eloquence and learning leave in my mind only bewilderment and dumb 
hostility 
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credibility from science, or on the other hand, that 
metaphysical theories somehow imply scientific ones, 
so that the metaphysician can say “ I told you so” to 
the scientific man. In short, I deny that there is any 
logical relation between scientific and metaphysical 
propositions. The two sets are, or should be, entirely 
neutral to one another. 

That there is ever any confusion is due largely to 
the paucity of language that uses one word for so many 
different things, but there are other sources of confusion 
too in the human weakness that makes us think a know- 
ledge of the part always tells us about the whole, and 
that things we would like to exist do exist. Whatever 
the reason for the confusion may be, it is time it stopped, 
and that scientists who burn their fingers with meta- 
physics and metaphysicians who burn theirs with 
science cease to blame one another and realize it is 
all their own fault. Having delivered this sermon, 
I can only hope and pray that I have not been guilty 
of any like confusion. 

Some of the less cautious scientific men used to 
think, and some perhaps think still, that their investiga- 
tions were going to tell them all about everything. 
They confessed, of course, that they were still not 
quite clear over a few minor points, but, anyway, the 
main outlines were sketched out all right. They 
supposed that they were regarding the whole universe 
sub specie eternitatis whereas they w'ere looking at a 
few little bits of one corner of it under a quite flagrantly 
temporal aspect. That this crude notion is being given 
up IS not due to tne taunts of the philosophers, though 
these were well grounded enough, but to force of 
circumstances, that the high and mighty attitude led 
to contradictions. That the man of science has to 
recognize his limited point of view is nothing for 
anybody to be pleased about. The recognition of 
limitations is always a nuisance because it complicates 
matters. The fortunate thing is that the limitations as 
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far as they are understood make so little difference to 
'most of the results, that we do almost as well as if we 
were really regarding the world sub specie eternitatis 

Now the decision as to what are really the limitations 
and foundations of scientific enquiry is a technical matter 
that must be settled by scientific methods, not by any 
appeal to metaphysics. Whatever justification there 
may be for asserting the principle of uniformity as a 
dogma of metaphysics there is none from the scientific 
point of view. Therefore, it must be left out of con- 
sideration, even if it is true. 

There are certain matters where scientific and philo- 
sophical investigations touch. For instance the diffi- 
culties due to what Whitehead calls the Bifurcation of 
Nature and attempts to get over these difficulties by 
such a theory as Phenomenalism are matters of interest 
both to the philosopher and to the scientist who is 
concerned with the foundations of his theory. But 
these questions do not or should not involve any appeal 
to metaphysics in the sense in which I have used 
the word. 

These questions need not detain us as they have 
been sufficiently dealt with by abler thinkers. 

§ 36 At the outset of this essay I urged the necessity of 
avoiding metaphysical presuppositions as far as possible, 
and in this final chapter have returned to the subject. 
Therefore, it is only fair to be honest about my own meta- 
physical presuppositions, so that the intelligent critic 
can make allowance for them. What follows is merely 
a personal apology, and is therefore of no scientific 
interest. 

In our exploration of the external world, we have 
to reject or neglect a very large part of what is given 
in experience in order to be able to make use of the 
remainder. What we do make use of has to be tieated 
by very elaborate processes before the raw material of 
experience is converted into the finished product of 
scientific theory. When the process is all over, it is 
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very difficult to see the connection between what we 
started with and what we finish with. The world of 
immediate experience is an affair of blurred and fluctuat- 
ing outlines, of meaningless variegation, it is full of 
loose ends, of vague relations to something outside its 
immediate content. Out of this we construct something 
neat and tidy, something compact and rounded off. Yet 
we are compelled to believe that the last is somehow 
a true reflection of the first. It may be a distorted 
reflection, but the distortion goes by rule, so that the 
image is veridical even if it is not veritable. 

The process of selection and abstraction, of trial and 
failure by which our knowledge has been slowly and 
painfully acquired provides genuine but partial and 
fragmentary information. Some thinkers are so much 
preoccupied by the genuineness of the information that 
they think it must be complete. Others are so pre- 
occupied with its incompleteness that they cannot believe 
It to be genuine. But there seems to be no reason to 
agree with either party. It seems clear to me that the 
order in nature of which science reports is really there, 
and is not a mere figment. But it seems to me equally 
obvious that the orderliness is not all pervasive. There 
are streaks of order to be found among the chaos and 
the nature of scientific method is to seek these out and 
to stick to them when found and to reject or neglect 
the chaos. Men take great trouble to obtain what they 
want even if it is scarce and take no notice of what they 
do not want even if it is abundant. A visitor to this 
earth from another planet seeing copper and tin handled 
in large quantities, would think these metals were 
abundant constituents of the earth’s crust. He would 
never guess that they are present in mere traces relative 
to the whole bulk of attainable material. Neither would 
he suppose that titanium, which he would never see 
except perhaps in tiny scraps in some museum, formed 
an appreciable portion of the earth’s crust. However 
abundant chaos or complexity may be it is of no use 
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and nobody will trouble to notice its presence. How- 
ever scarce order or simplicity may be it will be sought 
for until it is found. As Poincare points out, we analyse 
our data just so far as to obtain simplicity and no 
further. “II faut bien s’arreter quel^que part, et pour 
que la science soit possible, il faut s’arreter quand on 
a trouve la simplicite.”^ 

Now it IS obvious that we have succeeded in finding 
some order in nature, but this fact in itself does not 
prove anything further. It suggests that having found 
some order, it is worth looking for more, but it does 
not imply that nature is orderly through and through, 
though, of course, it might be so. Nevertheless, the 
extreme difficulty and labour of finding laws of nature 
even when you know where and how to look, much 
more when it is a question of discovering a new one, 
suggest that there is not so much simplicity and order 
about as people think. If nature were really orderly 
through and through, it is probable that Bacon’s notion 
would be correct, that given the correct procedure, any 
fool could discover laws ; but this is notoriously not the 
case. It is only as the result of the century-long labours 
of the wisest of men that anything much has been dis- 
covered, and that as the result countless mistakes and 
false starts. Even when we know what the laws of 
nature are, it is not such an easy business to observe 
their correctness in any instance, but it needs special 
training and special means to carry out the observations. 

The fact that the regions of nature actually covered 
by known laws are few and fragmentary is concealed by 
the natural tendency to crowd our experience into those 
particular regions and to leave the others to themselves. 
We seek out those parts that are known and familiar 
and avoid those that are unknown and unfamiliar. This 
is simply what is called “Applied Science”. 

That our knowledge only illuminates a small corner 
of the Universe, that it is incomplete, approximate, 

^ La Science et V Hyfothhe, p. 176 
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tentative and merely probable, need not disconcert us. 
It is genuine nevertheless. Physical science stands as 
one of the great achievements of the human spirit. 

“Ever).' truth is a shadow, except the last; but 
every truth is a gubstance in its own place, though it 
be but a shadow in another place ; and the shadow is 
a true shadow, as the substance is a true substance 
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at least an open mind regarding their possibility" — Times Ltteiary 
Supplement 

THE PSYCHOLOGY OF RELIGIOUS MYSTICISM. By 

Professor James H Lettba, author of ‘ A Psychological Study 
of Religion,' etc 
15/- net 

" The book is fascinating and stimulating even to those who do not agree 
with it, and it is scholarly as well as scientific " — Review of Reviews An 
extension and development of the views outlined in James’s T arieties of 
Religious Experience with much new material .A section is devoted to 
mystical experiences produced by drugs 

THE PSYCHOLOGY OF A MUSICAL PRODIGY. By 

G Revesz, Director of the Psychological Laboratory, 
Amsterdam 

With many musical illustrations, 10/6 net 

" For the first time we have a scientific report on the development ot a 
musical genius Instead of being dependent on the vaguely marvellous 
report of adoring relatives, we enter the more satisfying atmosphere of 
precise tests That Erwin is a musical genius, nobody wlio reads this 
book will doubt ’’ — Times Literary Supplement 
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PRINCIPLES OF LITERARY CRITICISM. By 1 .-I 

liichards, Lecturer at Magdalene College, Cambridge 
Second edition, to/6 net 

" A mine of really suggestive ideas It has real or.ginality ” — Daily Xeivs 
" An important contribution to the rehabilitation of English criticism — 
perhaps, because of its sustained scientific nature, the most important 
contribution yet made Mr Richards begins \ll*ith an account of the 
present chaos of critical theories and follows «ith an analysis of the 
fallacy in modern aesthetics The principles enunciated are pursued ivith 
clear zest and consequent elucidation Parallel applications to the 
arts of painting, sculpture, and music form the subject of three chapters " 
— Critei ion 

THE METAPHYSICAL FOUNDATIONS OF MODERN SCIENCE, 
with special reference to Man’s Relation to Nature By 
Professor Edwin A Burtt 
14/- net 

" This book deals with a profoundly interesting subject the uncritical 
assumptions which were made by the founders of modern physics, .ind 
through them became part of the unquestioned apparatus of oidinary 
thought The critical portion of this book is admiiable ’’ 
Bertrand Russell, in Nation " He has given us a history of the origin 
and development of what was, until recently, the metaphysic generally 
associated with the scientific outlook This is wliat Professoi Burtt 
has quite admirably done” — Times literaiv Supplement 

PHYSIQUE AND CHARACTER. By k Kielschmer 

iVtlh 31 plates, tsi- net 

" This volume of the steadily growing f.tbraiy will bear comparison 
with any of its predecessors in interest and importance It giv'es 
scientific validity to much ancient doctrine and folk-psychology It 
professes to be merely a beginning . but, even so, the author has estab- 
lished certain conclusions beyond reasonable doubt, conclusions of great 
significance and pregnant with possibilities of almost infinite cvtension " 
— Weekly Westminster " His notable work (on) the relation between 
human form and human character” — Biilisli Medical Joiirmil 

THE PSYCHOLOGY OF EMOTION Morbid .ind Normal 
By John 7 M tteCurdy, M D 
25/- net 

' There are two reasons m particular for welcoming this book hirst, 
it IS by a psychiatrist who takes general psychology seriously Secondly, 
the author presents his evidence as well as his conclusions Tins is 
distinctly a book which should be read by all interested 111 modern 
psychology Its subject is important and its author's treatment inter- 
esting ” — Manchester Guardian ' A recoid of painstaking and original 
work 111 a direction that promises to illuminate some of the fundamental 
problems of psychiatry ” — Lurcel 

THE PSYCHOLOGY OF TIME By Mtny Siiiil, M A. 

•/lit net 

” An interesting book, typical of the work of the voiingcr psychologists 
of to-day The first chapter gives a clear summary of metaphysical 
views of” time , later chapters describe practical c-vperimcnts , while 
the last chapter sets forth the writer’s view that time is a conccjit con- 
structed by each individual The clear, concise stvlc of writing adds 
greatly to the pleasure of the reader ”—7 ouuio/ u/ Liluratiov 
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PROBLEMS OF PERSONALITY ; a Volume of Essays in 
honour of Morton Prince E^ted by Dr A A. Rohack 
1 8/- net 

" Here we have collected together samples of the work of a great many 
of the leading thinkers on the subjects which may be expected to throw 
light on the problem of Personality Some such survey is always a tre- 
mendous help in the^fetudj' of any subject Taken all together, the 
book IS full of interest " — iVeie Statesman Contributors include 
G Elliot Smith, Bernard Hart, Ernest Jones, C S Myers, C G Jung, 
Pierre Janet, McDougall, William Brown, T \V Mitchell, and 
numerous others 

THE MIND AND ITS PLACE IN NATURE. By C D Broad, 
Litt D , Lecturoi in Philosophy at Trmitv College, Cambridge 
1 6/- net 

" Quite the best book that Dr Broad has yet given us, and one of the most 
important contributions to philosophy made in recent times ” — Times 
Literary Supplement “ Full of accurate thought and useful distinctions 
and on this ground it deserves to be read by all serious students " — 
Bertrand Russell, in Nation " One of the most important books which 
have appeared for a long time a remarkable survey of the 

whole field of psychology and philosophy a piece of brilliant 

surgery ” — Discovery 

COLOUR-BLINDNESS . with a Comparison of different Methods 
of Testing C olour- Vision By Mary Collins, M A , PhD 

Introduction by Dr James Drever 

With a coloured plate, i2lb net 

" Her book is worthy of high praise as a painstaking, honest, well- 
written endeavour, based upon extensive reading and close original 
investigation, to deal ivith colour-vision, mainly from the point of view 
of the psychologist We believe that the book inU commend itself to 
every one interested in the subject ’’ — I imes Literary Supplement 

THE HISTORY OF MATERIALISM. By F .d Lange 
New edition in one volume, with an introduction by 
Bertrand Russell, F R S 
15 1 - net 

" An immense and valuable work ” — Spectator "A monumental work, 
of the highest value to all who wish to know what has been said by 
advocates of Materialism, and why philosophers have in the mam 
remained unconvinced Lange, while very sympathetic to materialism 
in its struggles with older systems, was himself by no means a materialist 
His book IS divided into two parts, one dealing with the times before 
Kant, the other with Kant and his successors ” — Fiom the Introduction 

PSYCHE the Cult of Souls and the Belief m Immortality 
among the Greeks By Frit in Rohde 
25/- net 

“ The production of an admirably exact and unusually readable trans- 
lation of Rohde's great book is an event on which all concerned are to be 
congratulated It is in the truest sense a classic, to which all future 
scholars must turn if they would learn how to sec and describe the inward 
significance of primitive cults " — Daily News “ The translator and 
publishers are to be congratulated on rendering this standard treatise 
accessible " — Adelphi 
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EDUCATIONAL PSYCHOLOGY , its Problems and Methods 
By Charles Fox, M .1 , Lecturer on Education in the Uni- 
versity of Cambridge 
lo jb net 

" A worthy addition to a series of outstaiiiling merit Thtre ,ire inter- 
esting sections on heredity and on mental tests The chapter on fatigue 
IS excellent The bibliography is valuable '' — I nacet " Certainlv one of 
the best books of its kind " — Observer " An extremely able book, not 
only useful, but original " — Jomn-il oj Eihtctilioii 

EMOTION AND INSANITY By i Thalhtier, Clucf of the 
Medical Staff, Copenhagen Astdijm Piefacc by Frojessot 
H 

7/(1 net 

' A psychological tssa^ the material for whnh is pro\ided b^ a study of 
the manic depressive psychosis It is a brief attempt to explain certain 
mental phenomena on a physiological basis This explanation is based on 
three well-iecognizcd phvsiological laws \\ hatever the view taken 

of this fascinating explanation, there is one plea in this book which must 
be whole-hcaricdly endorsed, that psj'chiatnc research should iceeiee 
much more consul cration in the eftort to determine the natuie of normal 
mental processes " — Sutnie 

PERSONALITY By R G Gordon, M D ,B Sc ,M R C P Ed 

10/6 net 

"The book is, in short, a very useful cril'cal discussion of the most 
important modern work bearing on the mind-body problem, the whole 
knit together by a philosophy at least as promising as anyof those now 
current ” — Times Literary Supplement " His excellent book He accepts 
the important and attractive theory of Emergence ” — Obsttvti ' A 
sigmlicant contnbution to the study of personality ” — Biitish Medical 
Join not 

BIOLOGICAL MEMORY. By Eugenio Rignano, Professor of 
Philosophy in the Umversity of Milan Trcinslatcd, with an 
Introduction, by Professor h IF MacBnde, F R S 
lo/O net 

“ Professor Rignaiio's book may prose lo haec .111 important bearing 
on the whole mechanist-vitahst controsersy He has endeaeonred 
to give meaning and content to the special properly ol ' he ingness ', w Inch 
separates the organic from the inorganic world by identifying it with 
unconscious memory The author worlcs out Ins theory with great 
vigour and ingenuity-, and the book descries, and should le-ccivc, the 
earnest attention not only of students of biology, but of all inteiested 
in the age-long problem of the nature of life ” — Spcctatui 

COMPARATIVE PHILOSOPHY. By Paul Masson-Oursel. 

Introduction by F G Crookshank, M D ,F RC P 

10/6 net 

" The comparative chronology, which ho supplies, places 111 parallel 
columns the contemporary philosophy (in each period) of the Western 
World, the Middle East, India, Tibet, China, and Japan Thus the 
author illustrates how Confucius played in China a role comparable with 
that of Socrates in Greek thought He pleads for the comparative 

study of philosophy. It brings meaning into higher historical learning, 
attaches human values to events, institutions, manners, and ideas In 
other words, it makes philosophy realistically humanist ’’ — Birmingham 
Post 
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THE LANGUAGE AND THOUGHT OF THE CHILD. By Jean 
Piaget, Lectuitr at the University of Geneva. Preface 
Piofes^or E. Claparede 

lo/t net 

A vei j interesting book Lvci vone interested in ps\ eliologj , education, 
oi the art of tliouglit^liould lead it The results arc surprising, but 
pel haps the most suipnsing thing vhich this book makes clear is lion 
extiaoidinarilj little ivas piceioiisly known ol the Wu.^ in which children 
think — \ 1/1011 tills a gap in the study ol the subject ' —lancet 

CRIME AND CUSTOM IN SAVAGE SOCIETY By B Mali 
nOiLski, Lt'tmei in Yntlnopologj in the University of 
London 

II ii/i () I'lat'-s, 5/- vet 

In this hist ban 1 investigation into the soei.il s< i uctuie ol a primity e 
comniurnly Di 'Malinowski has broken new ground It ispiobabivno 
(‘\.T.Tgeralion tc say that the nook is the most impo'-tint enntiibiit^n to 
anthropology ihat ha., app'-aied tor many vears past Its arc 

bound to b' f>r k lelimg It lo written bv an ■'nlh'opp'ffgist 101 

nthropologists but it should be read b\ all who have tcydeal with 
piiiiiitive peoples and bv al' who aie mtcpstcd in human natuie as 
m initcst' d in social re'atioiiships, wh'ch is to sav th >1 should be read 
byeveiyone — Oiiilnj/ 

PSYCHOLOGY AND ETHNOLOGY By W H R Riiets, M D , 
L)tl D , F R S Preface bv G. Elliot bmnh, F R '3 

I3I net 

rills volume contains loui studies, mainly ps\ ehologieal, on Sociology ind 
Psv ehology on I iciid s Concept of the Censor, on the Piimitive Con 
ceplion ot Death, inJ on Intellectual Concentration in Piiraiiive "Mm , 
three p^v cho medical studies, on Marriage 111 Mel incsia. Circumcision, 
Sev-UJl lielations in Pddy stone Island , essiys on tin Diffusion 
Hypothesis Iiom a eiilturil, historical, and psychological point of view , 
and two cssavs TiaJo Mai fare Slaveiv, and T^he Contact of Peoples 

THEORETICAL BIOLOGY By J vo,i Vexki/ll 

lb/ I <■/ 

A sciious attempt b\ a v'elllnown German zoologist to evtend the 
dOs,liines of Kant s philosophy into the lealni ol biological thouglit the 
biolojist forgets til It time is no such thing as the absolute space ol the 
plivsieist Nor df es physics recognize the confoiniity with plan .n 
Katuie wliuh biologv iiiiist regaid as the basic principle of life Ihis has 
led to much w long tliinking in p uticular the niatenalistie tcacning ol the 
extriiii 1 Diiwiniai^ 1 rom this standpoint the author leeonsidcrs the 
w’hok piobleiii ol modem biology 

RhADY SHORTL\ 

THOUGHT AND THE BRAIN By Professoi at 

the College de France Translated b\ C K Ogden, M 4 

A b )»/ Kj/O net 

\ ^ciy thoioagh in\ eatigalion of the physiology of the biam and its 
TLlations to the mind and thinking A.mong the subjects discussed may be 
mentioned The Problem of Localization , Mental Functioning and the 
Brain , Visual, Sensory, and Indirect Reception , Verbal Function and 
1 bought. Aphasia, Liberation of Energy and Interest, Data of 
Affective Pathology , etc 
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RELIGIOUS CONVERSION a Bio- Psychological Study By 
Sajite de Sanctis, Professor of Psychology in the University 

of Rome. 

About io/6 net 

An important book by the distinguished Italian professor After an 
introductory sketch of the scope and methods of contemporary religious 
psychology, he examines the problem of Conversion from many aspects, 
in chapters dealing with Causes, Types, and Processes of Conversion , 
Sublimation , After the Conversion , the Pathological Theory in 
Religious Psi-chology . and the Predictability of Conversions 

SEX AND REPRESSION IN SAVAGE SOCIETY. By 
B Malinoi&ski 
.Iboul 7/6 net 

Dr Malinowski is the first anthropologist to appiy the psychoanalytic 
method to the observation of priimtive races Endowed with exceptional 
linguistic abilities, he was able to study Melanesian insular common. ties 
DhrougT the" medium of their own language in intimate contact over a 
long peiiod In this lolume he analyses the corslitutior of the family 
and describes the hf< of a typical Melanesian matri..rchil comiiiuiiity, 
compaiing it ivith our own patriarchal societies The second part of 
the book deals with complexes in Melanesian luvths, dreams, obscene 
language, and mental disorders 

SOCIAL LIFE IN THE ANIMAL WORLD By Professor 
Alverdes 
About 10/6 net 

A summary of all the information available legarding animal sociology, 
dealing not only with herd life, with the relations between mated animals 
and with the family, but also with the features that develop in a group, 
such as, order of precedence, means of communication, mutual assistance, 
etc Much light is thrown on the connexion of the herd and the family, 
the coinpai itive frequency of monogamy, polygyny, polyandry, and 
promiscuitj , and the parts played by tradition and imitation But the 
author’s gieatest achievement is his success m showing the importance 
of the study of animal sociology foi the study of human problems 

THE PSYCHOLOGY OF CHARACTER By Dr .-1 A Rohack. 

About lyl ne. 

The coritents include The Literary Charactcrologists , The Course of the 
Humoral Doctrine , Study of Temperament 111 the XIX Century , 
Contemporary Views , The Applied Psychology of Temperament , 
Proverbial Lore and Insp'rational Literature , Defining Terms , Classifica- 
tion of Chaiacters , Social Economic Treatment of Character , British 
Wr-ters , the French Schools . the Teutonic Schools , Other Continental 
Studies , Suggestions from Psychiatry , The Psychoanalytic Approach 

THE LAWS OF FEELING By Professor F. Paulhan. 

About 10/6 net 

This W'Ork, which has exercised a powerful influence on contemporar\ 
French psychology, is at last to be made available for English readers 
Professor Paulhan’s greatest contribution, the treatment of Intelligence, 
Feeling, and Will as aspects of one mental process rather than as separate 
faculties, IS now umversally accepted by psychologists 
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IN PREPARATION 

THE ANALYSIS OF MATTER by BERTRAND RUSSELL, F R S 
THE FOUNDATIONo OF MATHEMATICS 6y F P RAMSEY 
EMOTIONAL EXPRESSION IN BIRDS 6y F B KIRKMAN 
THE PSYCHOLOGY OF INSECTS . 6y J G MYERS 

STATISTICAL METHOD IN ECONOMICS 6y P S FLORENCE 
THE PRIMITIVE MIND by P RADIN, Ph D 

COLOUR-HARMONY . by JAMES WOOD 

THE THEORY OF HEARING by H HARTRIDGE, D Sc 

SUPERNORMAL PHYSICAL PHENOMENA 6y E J DINGWALL 
GESTALT by K KOFFKA 

INTEGRATIVE ACTION OF THE MIND by E MILLER, M D 
PLATO’S THEORY OF KNOWLEDGE 6y F M CORNFORD 
PARALOGISMS OF RATIONALISM bv LOUIS ROLGIER 

PRINCIPLES OF PSYCHOPATHOLOGY by Wm BROWN, M D ,j:) Sc 
THEORY OF MEDICAL DIAGNOSIS 6yF G CROOKSHANK, M D 
LANGUAGE AS SYMBOL AND AS EXPRESSION bv E SAPIR 
PSYCHOLOGY OF KINSHIP by B MALINOWSKI, D Sc 

A HISTORY OF MODERN PSYCHOLOGY by G MURPHY 
A HISTORY OF ETHICAL THEORY by M GINSBERG D Lit 
SOCIAL PHILOSOPHY by M GINSBERG, D Lit 

THE PHILOSOPHY OF LAW 6y A L GOODHART 

THE EFFECTS OF MUSIC ly MAX SCHOEN 

PSYCHOLOGY OF MUSICAL GENIUS by G REVESZ 

MODERN THEORIES OF PERCEPTION by W J FI SPROTT 
THE BEHAVIOURIST MOVEMENT by A A ROBACK 

SCOPE AND VALUE OF ECONOMICS by BARABRA WOOTTON 
MATHEMATICS FOR PHILOSOPHERS 6y G H HARDY, F R S 
PHILOSOPHY OF THE UNCONSCIOUS 6yE VON HARTMANN 
THE PSYCHOLOGY OF MYTHS by G ELLIOT SMITH, F R S 
THE PSYCHOLOGY OF MUSIC by EDWARD J DENT 

PSYCHOLOGY OF PRIMITIVE PEOPLES by B MALINOWSKI,D Sc 
DEVELOPMENT OF CFIINESE THOUGHT bv LIANG CHE CHIAO 


by M GINSBERG D Lit 
by M GINSBERG, D Lit 
6y A L GOODHART 
Ly MAX SGHOEN 
by G REVESZ 
by W J FI SPROTT 
by A A ROBACK 
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